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A STATISTICAL STUDY OF MORTALITY FROM LEUKEMIA 
By Milton S. Sacks, M.D., and Isadore Seeman, B.S. 

I. INTRODUCTION 

S URVEY of the medical literature reveals a paucity of statistical data on leu- 
kemia morbidity and a virtual absence of mortality studies. Neilsen 1 in 
1931 estimated the annual death rate from leukemia in Denmark at 1 per 
50,000 population. Wintrobe 2 noted that according to statistics of the Metropoli- 
tan Life Insurance Company there were 3 ,500 deaths due to leukemia in the United 
States annually between 1934 and 1936. The application of biostatistical technic 
to the search for further knowledge of etiological factors in leukemia offers a 
threefold supplement to clinical and laboratory research. The results of careful 
statistical analysis of mortality from leukemia may serve to: (1) elucidate specifi- 
cally the trends in mortality, (z) indicate needed areas for further study, and (3) 
demonstrate the numerical significance of the problem. 

Two factors support the preferability of an analysis of mortality data: (1) 
compulsory registration of all deaths and the collection of statistics in a central 
authority provide almost complete reporting of deaths, and (z) experience indicates 
that the case fatality rate from leukemia is 100 per cent, insuring the reporting 
on a death certificate of almost every diagnosed case. In spite of the advantages 
of analyzing the incidence of leukemia through mortality figures, a number of 
cautions must be observed in interpreting death statistics in general. 

1. Changes in the age distribution of a population will introduce a spurious 
element into crude death rate trends over a period of years, particularly for diseases 
influenced largely by the factor of age. 

z. Death statistics are derived from physicians’ statements of cause of death 
on death certificates. The care exercised in the execution of a medical certification 
is reflected in mortality statistics. 

3. Improvement in diagnostic technics for any disease will tend to increase 
the reporting of the incidence of that disease on case and death records. 

4. For the United States, mortality data prior to 1933 represent figures from 
an incomplete but expanding geographical area. 

5. Changes in the procedures of mortality tabulation introduce an element 
of discontinuity in published mortality statistics. Such changes result from re- 
visions of the International List of Causes of Death, revisions of the Manual of 

From the Department of Medicine, Subdepartment of Clinical Pathology, University of Maryland 
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Joint Causes of Death used in the United States to select one cause for statistical 
tabulation when several causes are certified jointly, and other procedural revisions. 

Each of these factors is considered in the present study, the purpose of which 
is to review the trends of mortality from leukemia from 1900 to 1944. 

Influence of Procedural Changes on Leukemia: Mortality Statistics 

Since 1900 there have been five revisions of the International List of Causes of 
Death. In each revision a rubric for leukemia has been provided. Until the revision 
of 1910 only a single title under which Hodgkin's disease was also classified was 
assigned for leukemia. It is impossible, therefore, to discuss mortality from leu- 
kemia from 1900 to 1910 without recognizing the exaggeration inherent in the 
figures as a result of the inclusion of more or less closely allied conditions. 

With the revision of 19x0 a subclassification for pseudoleukemia was established 
to make possible the classification of Hodgkin’s disease separately from true 
leukemia. Relatively minor changes in specific terms under the rubric for true 
leukemia have been made since 19x0. In the discussion of leukemia mortality in 
the United States since 1910, only the figures for true leukemia have been used in 
this paper. 

It must be noted, however, that the omission of all deaths charged to pseudo- 
leukemia from 19x0 to 1938 results in an understatement of the mortality from the 
leukemic process. This fact was demonstrated in 1940 when a comparative analysis 
of deaths in that year classified under both the revision of 19x9 and the revision of 
1938 was made by the U. S. Bureau of the Census. 3 This study revealed that in 
1940, 1,139 deaths would have been charged to the pseudoleukemia title of the 
19x9 list. Of these deaths, 1,777 or 83 percent were due to Hodgkin’s disease and 
Z47 or 11 per cent were due to aleukemia. Aleukemia, in reality a form of leuke- 
mia, appears to constitute a significant proportion of the deaths attributed to 
the pseudoleukemia title. Since the entire rubric of pseudoleukemia has been ex- 
cluded from this study, the figures from 19x0 to 1938 obviously err on the conserva- 
tive side. 

In the revision of 1938 currently in use, 4 the rubric for pseudoleukemia was 
discontinued, and diseases so certified were classified under nonspecific diseases 
of the blood; a separate classification for Hodgkin’s disease was provided in the 
residual group of communicable diseases; and a new subrubric for aleukemias was 
established. To maintain continuity, only the leukemia figures since 1938 have 
been used in this study. 

All of these changes in the categories assigned to leukemias and allied disorders 
in the International List reflect changing medical concepts concerning these 
diseases. As further data on their etiology accumulate, revisions in their classifica- 
tion may be expected.* It is apparent, then, that problems of classification added to 
those of diagnosis and reporting result in an understatement of the number of 
deaths from leukemia. 

‘Preliminary consideration of the forthcoming revision of the International List of Causes of Deaths 
has tentatively assigned the leukemia title in the major group assigned to tumors. 
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Changes in the rules for joint-cause selection have had no significant effect 
on the trend of recorded mortality from leukemia. 

II. UNITED STATES EXPERIENCE IN LEUKEMIA MORTALITY 

The crude mortality rate from leukemia in the United States Death Registration 
States has risen from i.o per 100,000 population in 1900 to 4.3 per 100,000 in 1944, 
an increase of 330 per cent 5-8 (fig. 1 and table 1). The apparent drop in the death 
rate in 1911 observed in figure 1 results primarily from the revision of this title 
in 1910. 



Fig. 1 . Crude Death Rate from Leukemia, United States Death Registration States, 1500-1944 


Influences of Race, Sex, and Age 

The data (table 2.) indicate that leukemia affects the white population in the 
United States at a rate nearly two and one-half times as great as that for nonwhites. 
Thus, the average death rates per 100,000 population for the Death Registration 
States from 1915 through 1940 were 2.. 7 for tvhite persons and 1.1 for colored 
persons (fig. x). The causes for this consistent difference are not entirely obvious 
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at this time. Undoubtedly some of this difference is accounted for by differences 
in the availability of thorough medical diagnosis for these two groups. 

Males are affected by leukemia at a rate one-third greater than that for females. 


Table i. — Mortality from Leukemia, by Race and Sex , United States Death Registration States , 1921-1942. 


Year 

Death Rate 
per 100,000 
Population 

Number of deaths 

Total 

White 

Nonwhite 

Total J Male | Female 

Total j Male J Female 


Leukemias (74a)* 


1941 

3-9 

5.189 

4 >947 

1,838 

1,109 

141 

M 5 

97 

I 94 1 

3-7 

4 >954 

4 > 7°5 

1,715 

1,990 

149 

M 3 

IOG 

1940 

3-7 

4,896 

4,646 

1,719 

1,917 

150 

l60 

90 

1919 1 

3-3 

4,180 

4,077 

1,336 

i, 74 i 

203 

”3 

90 


True Leukemias (7ia)f 


1938 

3 -i 

4,116 

3,911 

1,187 

i , 6 35 

104 

116 

88 

M 37 

3.0 

3, g 99 

3.701 

1,115 

i, 5 s 7 

J 97 

109 

8S 

1936 

i.S 

3,618 

3,476 

rt- 

0 

0 

rf 

i, 47 i 

151 

81 

7 ° 

1935 

1.8 

3 , 55 i 

3 , 39 i 

1 » 953 

1,438 

l6l 

IOO 

6l 

1934 

i -7 

3,403 

3 ,H 7 

1,805 

1,412 

176 

95 

Si 

1933 

i -5 

OO 

CO 

O 

m 

i ,959 

1,715 

i,i 34 

119 

S 4 

45 

1931 

i -3 

1,770 

1,669 

i, 5°9 

1,160 

IOI 

63 

38 

1931 

i -3 

1,691 

1,583 

1,511 

1,072 

109 

64 

45 

1930 

2-. I 

1,508 

2.. 400 

>411 

98S 

108 

73 

35 


Leukemia (65a)} 


1919 

1.0 

i,i 59 

1,174 

I,L38 

936 

85 

49 

36 

1918 

i -9 

1,185 

1,097 

I , l80 


SS 

5 ° 

38 

1917 

i -9 

1 ■ 997 

t- 93 1 

1.098 

s 33 

66 

35 

3 1 

1916 

i.S 

1 , s 54 

1,786 

I,OI3 

773 

68 

37 

3 1 

J 9 i 5 

i -7 

M 759 

1,689 

999 

69O 

7 ° 

4 i 

19 

' 9 M 

i . 6 

1 , 543 

1,481 

869 

6l2- 

61 

40 

2.1 

1913 

t -5 

i, 4 M 

1,366 

774 

59 i 

58 

36 

11 

192.2- 

1.4 

1 • 343 

| 1 J ^ 9 ° 

748 

54 i 

53 

3 ° 

13 

1911 | 

i -4 

1,117 

1,179 

676 

5°3 

38 

18 

10 


* International List of Causes of Death, Fifth Revision, 1938. 
f International List of Causes of Death, Fourth Revision, 192-9. 
{ International List of Causes of Death, Third Revision, 1910. 


The average death rates per 100,000 males from 192.5 through 1940 was 1.9; the 
corresponding rate for females was z.2. per 100,000. 

The death rate for all groups is highest in the ages after 55 years, with the peak, 
a rate of 15.7 deaths per 100,000 population, occurring between 75 and 84 years, and 
remaining high at even older ages. A secondary peak at ages under 5 years is 
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noted. The rates are distinctly lower in the years 5 through 44 , after which a 
definite rise occurs. 

An analysis of the death rates from leukemia in the United States for the years 
1931 and 1940, specific for age, race, and sex, affords some interesting observations 
(table 3, fig. 3). The rates for the two years show the same general relationships. 
In 1940 the death rate for white males is exceeded by no other group at any age 
except over 85 years, where colored males have a slightly higher rate. The rate 
for white males reaches a maximum of 2.1. 1 deaths per 100,000 population in the 
age group 75-84 years. The rate for colored males is greater than the rate for colored 
females at all ages after the first year; it exceeds that for white females between 


Table i. — Leukemia Death Rate per 100,000 Population , by Race and Sex, United States Death 
Registration States , iq2J—i<)40 



Total 

White 

Nonwhite 


White 

Nonwhite 

Male 

Female 

Male 

Female 

Male 

Female 

I 94 ° 

3-9 

2-9 

4-3 

31 

4.6 

3-3 

2-4 

2-3 

I 939 

3-5 

i -5 

3-7 

z.8 

3-9 

3.0 

2-7 

2-3 

J 93 8 

3-4 

2-5 

3-7 

2-7 

3-9 

z.8 

1.8 

2-3 

'937 

3 ' 1 

2-5 

3-4 

z.6 

3.6 

z.8 

2-7 

2-3 

1936 

3.0 

l.Z 

3 - 2 - 

2-4 

3-5 

1.6 

2-3 

1 .1 

1 935 

3.0 

l.Z 

3 - 2 - 

2-4 

3-4 

2-5 

2-5 

0.9 

1934 

z.8 

1.4 

3.0 

2-4 

3-2 

2-5 

2-5 

1 .1 

*933 

z. 6 

1 .0 

2-9 

1. I 

3.0 

1.1 

2-3 

0.7 

1932. 

2-5 

°-9 

z.6 

1.0 

z.8 

1.1 

I . I 

0.6 

1931 

z. 4 

0.9 

i.6 

2-9 

z.8 

1.0 

I . I 

0.8 

193° 

2-3 

0.9 

2-5 

1.8 

z.6 

2.9 

2-3 

0.6 

1919 

Z.l 

0.7 

1.1 

2-7 

2-3 

2.8 

°-9 

0.6 

1918 

Z. I 

0.8 

1. 1 

2-7 

2-3 

2.8 

o -9 

0.7 

2917 

1.0 

0.7 

1. 1 

i . 6 

1.1 

2-7 

0.7 

0.6 

1916 

1-9 

0.7 

1.0 

1.6 

1. 1 

2-7 

0.8 

0.7 

2915 

1.8 

0.8 

1.0 

2.4 

1. 1 

2-5 

0.9 

0.6 


15 and 34 years. The rate for white females exceeds that for colored females at all 
ages. 

When the total death rate from leukemia from 192.1 to 1940 is adjusted for age 
and sex to a standard population, the trend in the adjusted rate is seen to follow 
the crude death rate trend very closely (table 4). The percentage increase in the 
adjusted rate from 1911 to 1915 and from 1915 to 1940 is exactly the same as the 
percentage increase in the crude rate. From 1930 to 1935 and from 1935 to 1940 the 
percentage increase in the adjusted rate is slightly below that for the crude rate. 
It is thus apparent that the rise in the total death rate from leukemia from 1911 
to 1940 is due in only very small part to a changing age distribution of the popula- 
tion. 

Review of the change in the death rate from leukemia in each age group from 
1931 to 1940 indicates that the greatest increases are occurring at those ageswhere 
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the rate is highest. Thus, while the death rate at all ages increased by 61 per cent 
from 193 1 to 1940, the average percentage increase for all ages over 64 was 104 
per cent (table 5). 

KEY 

WHITE MALE 

WHITE FEMALE 

NON-WHITE MALE 

NON-WHITE FEMALE 





YEAR 

Fig. 2 .. Death Rate from Leukemia by Race and Sex, United States 
Death Registration States, i 92.5-1940 
(logarithmic scale) 

It becomes obvious, therefore, that under present conditions a continued rise 
in the total death rate from leukemia is to be anticipated, since the number and 
percentage of the population in the older ages most affected by leukemia continues 
to increase, and at the same time these age groups are affected by leukemia at an 
increasing rate. 
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Table 3. — Leuktmia Death Rates per too, 000 Population, Specific for Age, Race, and Sex, United States 

Death Registration States, t<)}i and 11)40 



All 

Under 1 

1-4 

5-14 

15-24 

25-34 

35-44 

45-54 

55-64 

65-74 

75-84 

85 Years 


Ages 

1 Year 

Years 

Years 

Years 

Years 

Years 

Years 

Years 

Years 

Years 

and Over 


I 94 ° 


Total 

3-7 

4-9 

4-5 

2-9 

2-5 

i . 6 

1.6 j 

4-9 

8.7 

in. 9 

25-7 

6.9 

White 

3-9 

5 - 1 

4-9 

1.0 

2-5 

1.6 | 

2-7 

5.0 

8.9 

11.6 

16.3 

7-2 

Male 

4.6 

5.6 

5.6 

2-4 

2-9 

2-7 

3-2 

5-5 

10.5 

14.9 

11 . 1 

6.3 

Female 

3-3 

4.8 

4-2 

i . 6 

I . I 

2-5 

2-3 

4-5 

7-3 

10.4 

II. 9 

7.6 

Nonwhite 

i -9 

2-5 

1.0 

0.7 

I . I 

1 .1 

1.1 

3.6 

5-2 

3-2 

4-7 

5-5 

Male 

2-4 

2-5 

2-4 

1 .0 

'■4 

2-7 

2-3 

4 - 2 - 

6.5 

5-3 

8.1 

6.4 

Female ... . 

i -3 

1.5 

2-5 

0.4 

o -7 

0.8 

1. 1 

3 •° 

3-5 

0.9 

2-5 

4.8 

1931 

Total 

2-3 

1.8 

2-9 

2-3 

I .O 

1 .1 

2-9 

3 - 2 - 

5-3 

7-5 

5-9 

3-7 

White 

*■•4 

2-9 

3 - 2 - 

2-4 

I . I 

2-3 

1.0 

3-4 

5.6 

7-9 

6. 1 

4.2 

Male 

i.8 

i.8 

3.6 

2-7 

2-4 

2-4 

1.1 

3.6 

6.5 

9 - 2 - 

7-9 

6.7 

Female 

1.0 

3 1 

1.8 

I . I 

0.8 

I I 

1.8 

3-2 

4.6 

6.5 

4-4 

1. I 

Non white 

0.9 

1.8 

0.4 

0.7 

0.8 

°-9 

I . I 

2-3 

J -4 

I . I 

3 - 2 - 



Male 

I . I 

1.8 

0. 6 

I .1 

I . I 

0.7 

2-4 

2-5 

0.6 

2-4 

1.1 

— 

Female. . . . 

0.8 

i -7 

0.1 

0.1 

°- 5 

1 . 1 

0.7 

I . I 

2-5 

0.8 

4.1 



MALE FEMALE 

LEGEND 



AGE 

Fig. 3. Deatu Rates from Leukemia Specific for Age, Race, and Sex, United States, 1930 
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STATISTICAL STUDY OF MORTALITY FROM LEUKEMIA 


Factors of Cell Type and Chronicity 

Data on cell type and chronicity are not available for the United States as a 
■whole. Special analysis was therefore made of the original records of 154 deaths 
from leukemia in Baltimore filed with the Baltimore City Health Department 
during the five year period 1939 through 1943. It was observed that the deaths 
with cell type specified, constituting S7 per cent of the total deaths, indicated an 
almost equal incidence of lymphoid and myeloid leukemias. Only 63 percent 
of the records indicated chronicity; of these deaths 61 per cent were acute and 39 


Table 4.* — Trend in Crude and Age-Sex Adjusted Death Kates from Leukemia , United States Death Registration 

States , for Selected Years , 1921-1940 


Year 

Crude Death Rate 
per 100,000 Population 

Age-Sex Adjusted 
Death Rate per 
300,000 Population* 

Percentage Increase Over Previous Date 

Crude Rate 

Adjusted Rate 

1911 

1.4 

1.4 



1915 

1 -7 

i -7 

11.4 

11.4 

1930 

1.1 

2.. I 

2 - 3-5 

2 - 3-5 

1935 

1.8 

i -7 

33-3 

18.6 

1940 

3-7 

3-5 

3 i.i 

19.6 


* Adjusted to Standard Million Population from U. S. Census of 1930. 


Table $. — Percentage Increase in Age-Specific Leukemia Death Kates, 19 31- 1940, United States Death 

Registration States 


Age Group 

Percentage Increase 1931 to 1940 

All ages 

60.9 

Under 1 year 

75.0 

1- 4 years 

55-2- 

3-14 years 

46.I 

15-2.4 years 

50.0 

2.5-34 years 

33-3 

35-44 years 

36. 8 

45-54 years 

53 -i 

55-64 years 

64.1 

65-74 years 

58.7 

75-S4 years 

166. 1 

85 years and over 

86 .S 


per cent chronic. Of the deaths with cell type and chronicity specified, 60 per cent 
of the myeloid cases and 55 per cent of the lymphoid cases were acute. 

As has been noted in other studies, 9 the occurrence of acute leukemia is char- 
acteristic of younger ages while chronic leukemia affects the older segments of the 
population. In the Baltimore experience studied (table 6), acute leukemia occurred 
most commonly in children under 5 years of age. In general leukemia of an acute 
character affected persons from 5 through 44 years more frequently than chronic 
leukemia. After age 45 the death rate from chronic leukemia rises markedly. 
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There appears to be no very significant age selection in the case of leukemias of 
lymphoid or myeloid cell type. 

Race and sex appear to affect the incidence of acute and chronic leukemias of 
different cell type only insignificantly. 

Causes of Death Associated with Leukemia 

The Manual of Joint Causes of Death 4 used by the United States Bureau of the 
Census gives preference to a large number of conditions when certified jointly 


Table 6.- — Average Annual Death Kate from Leukemia per 100,000 Population, by Chronicity , Cell Origin, 

and Age, Baltimore , 1 9 39- 1 943 


Age 


Chronicity and Cell 


Origin 

All 

Ages 

-1 

1-4 

5-14 

15-24 

25-34 

35-44 

45-54 

55-64 

65-74 

75 -f 

Total 

3-59 

1 . 96 

5.66 

1 -°5 

i. 3 i 

1.70 

2.. 66 

3.69 

7-55 

iz.06 

IO. X 5 

Acute 

i -37 

1 .96 

3-91 

I . II 

1 . 16 

1.05 

1 -33 

•74 

i -74 

2.51 

3.84 

Lymphoid 

.58 

— 

1.18 

•79 

• 51 

•52- 

• 2-9 

.18 

.87 

.50 

— 

Myeloid 

-6l 

— 

.87 

. l6 

.64 

•39 

89 

• 37 

.87 

1 .00 

Z.56 

Monocytic 

.07 

— 

— 

— 

— 


•i$ 

.18 

— 

— 

i .x8 

Unspecified 

. IX 

1.96 

■87 

• l6 

— 

•23 

— 

— 

— 

— 

— 

Chronic 

.88 

— 

— 

• 3 i 

•13 

.16 

•74 

1.48 

3.19 

352- 

z . 5 6 

Lymphoid 

•47 

— 

— 

• 3 i 

— 

— 

•15 

•74 

1.74 

3.01 

1 -x8 

Myeloid 

.40 

— 

— 

— 

• 13 

• z6 

-59 

•74 

2-45 

.50 

— 

Monocytic 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 

Unspecified 

• ox 

— 

— 

__ 

— 

— 

— 

— 



— 

1.2.8 

Unspecified 

1 -33 


1.74 

.63 

1.03 

■39 

•59 

1.48 

X. 6 l 

7.03 

3.84 

Lymphoid 

■49 


I. 3 ! 

■47 

.x 6 


• 2-9 

•74 

.58 

2.51 

z.56 

Myeloid 

■49 

— 

— 

.16 

•51 

.16 

-15 

•55 

I . l 6 

3.01 

— 

Monocytic 

• OX 

— 

— 

— 

— 

— 

— 

— 

• 2-9 

— 

— 

Unspecified 

•33 

— 

•43 

— 

.2.6 

•i 3 

•25 

.18 

.58 

2-52 

1.2.8 

Lymphoid 

1.54 

— 

3.48 

1.58 

o -77 

0.51 

0.74 

1 . 66 

3-29 

5.0Z 

0.38 

Myeloid 

1.49 

— 

0.87 

0.31 

i .18 

o.9x 

i . 6 x 

1.66 

3.48 

4-52- 

0.2.5 


with leukemia in assignment as the underlying cause of death. Chief among these 
are the acute communicable diseases, tuberculosis, the venereal diseases, cancer, 
maternal deaths, and deaths from violence or accidents. Joint-cause studies for 
the United States have been made for the years 1917, 192.5, and 1940 in an effort 
to reveal the relationship between underlying causes of death and associated 
conditions. In all three of these years more than 95 per cent of all certificates 
containing leukemia were classified to this cause by Census-Bureau procedures. 

In 1940, 1,381 death certificates listed other causes in addition to leukemia. 
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Analysis of these records reveals possible sources of error in diagnosis, reporting, 
or tabulation procedure which might result in understatement of the true mortality 
from leukemia. There were 195 death certificates assigned to some cause other 
than leukemia stated on the certificate. In 72. of these cases the death was assigned 
to cancer, although in a majority of instances the nature or site of the neoplasm 
was unknown. Of the remaining z,i86 joint-cause certificates which were assigned 
to leukemia, 15 per cent listed anemia or a disease of the spleen associated with 
leukemia. There were Z41 records listing both leukemia and anemia. During the 
year 1940, United States figures reveal that the cause of death on 973 certificates 
was assigned to anemias other than pernicious anemia. Thus for every 4 deaths 
charged to anemia, there was 1 death in which the anemia was recognized as an 
associated condition in the leukemic process. Ninety-one death certificates listed 
both leukemia and a disease of the spleen. During this same year 508 deaths were 
charged to splenic disease. Thus for every 6 deaths assigned to splenic disease 
there was 1 in which the splenic disease was recognized as an associated factor in 


Table 7. — Death Kate from Leukemia in Census Tracts Grouped According to Median Monthly Kent, Baltimore 

I 939~ I 945 


Median Contract or 
Estimated Monthly 
Rent 

Population Census 
April 1, 1940 

Total Leukemia 
Deaths 
1939-1943 

Death Rate 
per 100,000 
Population 

Leukemia 
Deaths in 
Hospitals 

Per cent of 
Leukemia Deaths 
in Hospitals 

Tocil 

853,578 

254 

3.6 

215 

74-7 

Under $15.00 

61,12.1 

IO 

3-3 

8 

80.0 

$ I 5 ~i 9- 99 

85.374 

17 

4.0 

13 

76.5 

iO-i4.99 

141,119 

34 

1.8 

2-9 

85.3 

2 - 5 - 2 - 9-99 

167,581 

z 4 

2-9 

18 

75.0 

30-34.99 

111,410 

11 

3-5 

27 

80.9 

34 - 39- 99 

56,611 

IO 

3-5 

S 

80.0 

40-44.99 

53,766 

17 

6.3 

IO 

58.8 

45 and over 

66,394 

2-5 

7-5 

11 

48.0 


the leukemic process. These two categories of disease must therefore be recognized 
as potential sources of additional case material for statistical study. 


Influence of the Economic Factor 

By the use of available data on monthly rental in each of the 157 small geo- 
graphic areas in Baltimore designated as census tracts, 10 it is possible to divide 
the city into seven segments ranging in economic status from those with a median 
rental of less than $15 per month to those with a median monthly rent of $45 or 
more. Analysis of the death rate from leukemia in each of these economic segments 
reveals a rising death rate paralleling a rise in economic status in each of these 
segments except for the two lowest economic groups, where the rate is higher 
than in the intermediate groups (table 7). Perhaps this trend may be accounted 
for in part by the greater access to more exhaustive diagnostic facilities for families 
with larger personal financial resources and those with the poorest resources to 
whom medical aid at public expense is available. 
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Analysis of the deaths in Baltimore in the five year period 1939-1943 indicates 
that 74.7 per cent of the deaths from leukemia occurred in hospitals (table 7). 
This compares with a mean percentage of hospital deaths from all causes of 41. 1 
for the same period. Although the economic segments with the highest death 
rates have the lowest percentage of hospital deaths from leukemia, in many 
instances the diagnosis was undoubtedly made during a period of hospitalization 
after which the patients in this group returned home before death to secure the 
comforts which their financial status made possible. 

III. INTERNATIONAL EXPERIENCE IN LEUKEMIA MORTALITY 

Comparison of the death rate from leukemia and pseudoleukemia* in the year 
1931 for England and Wales, 11 Canada, the city of Paris 12 and the United States 


Table 8. — Death Kates per 100,000 Population from Leukemia and Pseudoleukemia, United States, England 

and Wales , Canada, end Paris, 1931 


Age 

United States* 

England and Wales 


Paris 


Canadaf 

Total 

Male 

Female j Total 

Male 

Female 

Total 

Male 

Fe- 

male 

Total 

Male 

Fe- 

male 

A: Age-Sex Adjusted Death Ratesf: 

AH ages 

-L. 

OO 

4.09 

1.85 

3.03 

3-75 

1.19 

1.53 

3.11 

1.83 

1.19 

2--75 

1 .8i 

B. Age-Sex Specific Death Rates 

Under 5 


3-7* 

1.97 


3 °3 

*-35 


1.34 

— 


1 . 84 

1.88 

5 _I 4 


1. 16 

1 ■ 33 


1.69 

1.48 


3- Sl 

1.16 


1 -34 

0.73 

15-14 


2 . . l8 

1.31 


1.36 

1. 31 


1.71 

0.81 


1. 41 

1 - 35 

14-44 


3 - 33 

2 --35 


3 - 35 

1.03 


1.89 

1.49 


2.. 02. 

1.56 

45-64 


7-4 1 

5 - 43 


5.83 

3.98 


4.11 

3 - z 7 


5 19 

3.16 

65 and over 


n-43 

8.18 


8.91 

4-7i 


4.76 

4.30 


9.86 

4.61 


* White population only for the U. S. Death Registration States, 
t Exclusive of Yukon and the Northwest Territories. 

\ Death rates at all ages have been adjusted for age and sex to the Standard Million Population 
of the U. S. Census of 1930. 


Death Registration States indicates that the general experience corresponds closely 
with that observed for the United States. For greater comparability, only the 
white population of the United States has been included (table 8). 

To arrive at a total death rate for each community which is comparable in spite 
of differences in population with respect to age and sex composition, death rates 
adjusted for age and sex have been computed. The age-sex adjusted death rates 
per 100,000 population for 1931 were: United States, 3.5; England and Wales, 
3.0; Paris, 2.. 5; Canada, z. 3. When it is remembered that procedural variations in 
cause-of-death classification exercise an influence in international comparability 

*On!y the combined figures for leukemia and pseudoleukemia were available for some of rhe com- 
munitics studied. 
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of mortality statistics, the small differences in these observed rates indicate a very 
similar experience in each of the communities studied. 

The incidence of leukemia in each sex as revealed by the age adjusted death 
rates for each area shows some variations. In the United States the death rate for 
males was 43 per cent greater than for females. The difference in rates by sex for 
Canada was 51 per cent, for England and Wales, 64 per cent, and for Paris, 76 per 
cent, with the rate for males higher in each case. 

Analysis of the age distribution of the deaths in each area substantiates the 
observations for the United States, with the highest age specific rates occurring 
in the groups 45 years and older and a secondary high in the ages under 5 . Some 
deviations from the general trend are observed : (1) the death rates in Canada in 
the age group 65 years and over are relatively higher than in the other areas, and 
(2.) the ages under 5 experience the lowest rate in Paris, with the secondary peak 
occurring in the group 5-14 years. 


Table 9 . — Dtath Rates per 100,000 Population jot Selected Causes, United States Death Registration 
States by Five Year Periods, 


Cause of Death 

Death Rate per 100,000 Population 

1940 

1935 

1930 

D25 

1920 

Leukemia 

3-7 

i.8 

Z. 1 

1-7 

i -9 

Exophthalmic goiter 

1.8 

i.8 

3-4 

3-4 

1.8 

Whooping cough 

2 ..Z 

3-7 

4.8 

6.7 

xi. s 

Dysentery 

*•9 

1 -9 

1.8 

3 -i 

4.0 

Alcoholism 

1.9 

1.6 

3-5 

3.6 

1.0 

Diphtheria 

I. I 

3 -i 

4-9 

7.8 

153 

Malaria 

I . I 

3-5 

1.9 

Z.o 

3-4 

Typhoid & paratyphoid fever 

I . I 

z.S 

4-8 

7-8 

7.6 

Poliomyelitis 

o.8 

o.8 

I . z 

1 -5 

o -9 

Scarlet fever 

°- 5 

z. I 

I -9 

1 -7 

4.6 

Meningococcus meningitis 

°-5 

Z. I 

3.6 

I .O 

1.6 

Smallpox. ... 

0.0 

0.0 

O. I 

0.7 

0.6 


IV. THE SIGNIFICANCE OF MORTALITY FROM LEUKEMIA 

In 1941 more persons in the United States died from the leukemias than from 
smallpox, meningococcus meningitis, scarlet fever, poliomyelitis, malaria, typhoid 
fever, and diphtheria combined. 7 The death rate from leukemia was higher than 
that for the anemias, whooping cough, the dysenteries, or alcoholism. Each year 
since 1940 more than 5,000 persons have died of the leukemias in the United States. 

The leukemia death rate in the U. S. Death Registration States rose from 1.9 
per 100,000 population in 19x0 to 3 .7 in 1940, an increase of 94.7 per cent (table 9). 
The death rate from typhoid fever during the same twenty-year period fell from 
7.6 per 100,000 population to 1.0, a decline of 86.8 per cent. Decreases of 98.4 
per cent for diphtheria, 89.1 per cent for scarlet fever, and 8 2.. 4 per cent for whoop- 
ing cough were experienced during this period. While much of the apparent rise 
in the leukemia rate is undoubtedly artificial and attributable to better diagnosis 
and more complete reporting, it must still be observed that leukemia has been a 
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more important cause of death during the last twenty years than many of those 
diseases generally recognized as health hazards. The latter group which have 
traditionally received the attention of official departments of health are, of course, 
in the main of a communicable nature. The neglect of those more widespread 
causes of death whose etiology and control are largely beyond present knowledge 
is a common failure of public health administration and finance. That this failure 
applies to the field of research as well is shown in an analysis of funds contributed 
for this purpose by foundations in 1940. Data from a study by Medical Memorial 
Funds, Inc., 13 show that in 1940 there was spent in research on poliomyelitis an 
average of $502.-00 per death. For research in all other infectious diseases an average 
of $4.00 was contributed for each death. Corresponding figures for cancer were 
$1.19 per death; diseases of the kidneys, $0.38 per death; and diseases of the heart, 
$0.17 per death. It is significant to note that leukemia was entirely absent from 
the research studies listed in this report for 1940. Such funds as may now be avail- 
able for research in leukemia are almost negligible. 

SUMMARY 

The recorded death rate from leukemia in the United States has risen continu- 
ously since 1900, with an accelerated rate of increase since 1930. The rise from a 
rate of 1 .9 per 100,000 population in 1910 to 3 .7 in 1940 represents an increase of 
94.7 per cent in this twenty-year period. This increase cannot be accounted for 
by changes in the age distribution of the population, for the age specific death 
rates have increased in each age group. The factor of increasing recognition of the 
disease resulting from improved diagnostic technics and greater use of hospitals 
with their laboratory facilities must be given adequate consideration in an effort 
to determine the causes for the rising death rate. 

White persons are affected at a rate more than twice as great as nonwhites. 
Some of the difference must be attributed to variations in the availability of 
diagnostic services. Males experience a rate approximately one-third greater than 
females. 

Leukemia affects persons in the older ages, particularly over 55 years, with the 
greatest frequency, and the population under 5 years of age experiences a mortality 
rate higher than any other age under 45 years. In the intermediate ages the death 
rate falls to the lowest point. In 1940 the death rate from leukemia for all ages 
was 3.7 per 100,000 population. The highest rate, 15.7 per 100,000 occurred in the 
age group 75-84 years. Under 1 year the rate was 4.9 per 100,000. The lowest rate, 
1.5 per 100,000, occurred in the ages from 15 to 2.4 years. 

Figures for the city of Baltimore for the five-year period 1939-1943 indicate an 
almost equal incidence of lymphoid and myeloid leukemia. Nearly two-thirds 
of the deaths studied in Baltimore were reported as acute leukemia. Acute myeloid 
leukemia appears to be more common than acute lymphoid. After age 45 chronic 
leukemia is more frequently observed; younger persons experience acute leukemia 
most commonly. 

Undoubtedly many deaths result from leukemia in which this disease was 
neither diagnosed nor recorded on a death certificate. Clinical evidence indicates 
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that the causes in which this failure would occur most commonly are cancer, 
anemia, and diseases of the spleen. Statistical evidence reveals that these conditions 
are certified jointly with leukemia in a significant number and proportion of cases. 

Comparison of the experience of several countries indicates that the general 
trends of mortality from leukemia in the United States are common to the other 
communities. The death rates per 100,000 population in 1931 adjusted for differ- 
ences in age and sex composition of the population were: United States, 3.5; 
England and Wales, 3.0; Paris 1.5; and Canada 2.-3. 

Each year since 1940 more than 5,000 persons in the United States have died 
from leukemia. 
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THE TREATMENT OF LYMPHOBLASTIC LEUKEMIA WITH CRUDE 

MYELOKENTRIC ACID 


By F. R. Miller, M.D., P. A. Herbut, M.D., and H. W. Jones, M.D. 

E VIDENCE has been presented previously that myelokentric acid and lympho- 
kentric acid 1 are present in varying amounts in the urine of patients with 
acute and chronic leukemias, Hodgkin's disease, and lymphosarcoma. We reported 
in 1940 2 that partial remissions occurred in 2. patients with lymphoblastic leukemia 
during periods in which they were receiving injections of extracts of the urine from 
patients with chronic myeloid leukemia. At that time it was postulated that pa- 
tients with lymphoblastic leukemia lacked the stimulus for myeloid proliferation. 
Later evidence was given that substantiates the hypothesis of a balance between 
myeloid and lymphoid cell production. 3 

The present paper reports 12. cases of lymphoblastic leukemia. To 8 of them we 
have given extracts of urine or feces from patients with chronic myeloid leukemia. 
The other 4 cases are reported as controls. Necropsies were performed on 5 of the 8 
treated cases and on all 4 untreated cases. A comparison is drawn between the clini- 
cal course and pathologic morphology of treated and untreated cases. 

No patients were especially selected either for treatment or for use as controls. 
All were relatively young individuals, the oldest being 30 years of age in the un- 
treated group. The treated group ranged from z§ years of age to 15 years of age. 

All patients, treated or controls, were given blood transfusions when necessary. 
Bone marrow aspirations were done in all instances in order to ascertain the extent 
of the disease. In some of the treated cases bone marrow aspirations were repeated 
when partial remission occurred. Four of the patients were treated with either 
sulfadiazine or penicillin when infection occurred. 

The crude myelokentric acid that was used was extracted cither from urine or 
feces of patients with chronic myeloid leukemia. The extracts were made by 
methods we have described. Chloroform extract of hydrolyzed urine was used in 
the treatment of 5 cases. 4 Chloroform extract of feces was given to 1 patient, ‘and 
to 2. patients the hydrolyzed eluate of kaolin adsorbate of urine was given. 5 When 
the latter was used the dose was increased ten to fifteen fold because of the difference 
in potency of the material as determined by assay on guinea pigs. 6 

case reports 

Cast 1. J. H., a 5 year old white girl, had whooping cough in November 193S and shortly afterwards 
it was noticed that she was pale. From January 1939 to October 1939 she received four blood transfusions. 
She entered thejefferson Hospital in October 1939 because of a persistently low leukocyte count. A sternal 
marrow aspiration and a biopsy revealed marrow made up largely of lymphoblasts. She was given several 
transfusions, liver extract, and vitamins. The leukocyte count varied from 850 to 4,300. The spleen and 
liver were both palpable at all times and there was some enlargement of all peripheral lymph nodes. 
Because it was thought that she might have splenic neutropenia, a splenectomy was done ii-4-39. The 
spleen weighed 130 grams and two accessory spleens were found and removed. The splenic pulp con- 
sisted largely of lymphoblasts. 

From the Charlotte Drake Cardcza Foundation and the Clinical Laboratories, Jefferson Medical Col- 
lege Hospital, Philadelphia, Pa. 
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During the four weeks following splenectomy a mild remission occurred, and normal blood cell de- 
ments appeared in the peripheral blood. A bone marrow aspiration three weeks after splenectomy revealed 
nearly normal hematopoiesis. On 1-11-40 relapse was evident. At this time the leukocyte count had 
dropped from 7,000 to a, 000 and lymphoblasts were occasionally found in the peripheral blood. On Janu- 
ary 13 she was given the first dose of etude myelokentric acid. This was the chloroform extract of hvdro- 
Iy-zed urine, and it was given in alkaline water at pH 7.5 in doses of z or 3 cc. every other day; each cc. 
represented x6o cc. of urine. With each injection of myelokentric acid 1 to 3 units of liver extract were 
given. At the end of two weeks the leukocyte count was being maintained at or above 4,500 per cu. min., 
with 30 per cent poly-m orphonuclear neutrophiles. At this time she was given no extract for seven davs 
and the leukocyte count fell to x,ooo per cu. mm. Treatment with the extract was resumed in doses live 
days apart till x-15-40, when daily doses of 1 to ij cc. were given for the following four weeks. Through- 
out this time she appeared to be well into remission. The bone marrow had again approached normal in 
cellular elements and the leukocyte count and erythrocyte count were well maintained. On 3-11-40 active 
material was stopped and the inactive neutral fraction of urine extract was given instead. Injections of 
this were given in oil and she received an amount equal to 500 or 750 cc. of urine daily for six weeks. By 
the end of the fifth week of this treatment lymphoblasts again appeared in the blood stream, lymphocytes 
increased in percentage, and the polymorphonuclear neutrophiles decreased. On 4-X5-40 active material 
was again started and was continued for four weeks, but during this period she continued to go deeper 
into relapse. The leukocyte count remained high, zo.ooo per cu. mm., and 40 per cent of the cells 
were lymphoblasts. The last sixteen days of her life she was again given the inactive neutral fraction of 
urine extract. The leukocyte count reached 60,000 but dropped to i,zoo the day before she died. Death 
occurred 6-9-40 and a necropsy' .was performed. 


Cast 2. S. G., a 15 year old white boy, entered Jefferson Hospital 1-15-40 because of pallor and pains 
in his legs and back. He had become ill early in November 1939. In December of that year he was admitted 
to a hospital where anemia was found and one transfusion was given. On entry to Jefferson Hospital the 
liver and spleen and all peripheral lymph nodes were moderately enlarged. The leukocyte count was 
iz.ooo per cu. mm., 80 per cent of which were lymphoblasts. The erythrocyte count was 1,100,000 and 
hemoglobin z8 per cent. A bone marrow aspiration revealed a very cellular marrow made up almost en- 
tirely of lymphoblasts (fig. 1). The spleen, liver, and thoracic lymph nodes were enlarged clinically and 
were determined to be so by roentgenogram. On 1-19-40 an initial dose of crude myelokentric acid was 
given and this was followed by daily doses of z cc. (1 cc. equaling 400 cc. of urine). It was administered 
in alkaline water solution at a pH of 7.5. This was continued, with but few exceptions, daily until 3-S-40. 
One to 3 units of liver extract were given with nearly every injection of the urinary- extract. During the 
first four weeks of this period he had many furuncles and abscesses on his arms and legs and his tempera- 
ture varied from ioo° to 104° F. Blood transfusions were given when necessary. In the first three weeks of 
this period three blood cultures were reported to show no growth in forty-eight hours, and agglutination 
tests for typhoid organisms were negative. 

The leukocyte count fell from iz,ooo to 300 during the first four weeks of treatment and the lympho- 
blasts decreased in percentages as well as in number, while mature lymphocytes appeared in the low 
counts. After the marked leukopenia of 300 was reached, the leukocyte count slowly began to rise and as 
it rose normal leukocytes of both the myeloid and the lymphoid series made up the blood picture. On 
3-8-40 the leukocyte count was 3,400 and the differential count was 36 per cent neutrophiles, 35 per cent 
metamyelocytes, 17 per cent normal lymphocytes, and z per cent monocytes. A blood culture taken on 
1-19-40 was reported 3-4-40 as positive for paratyphoid B. Because of this and because it was felt that if 
he had true leukemia relapse would recur, treatment with myelokentric acid was discontinued. Bl 
transfusions were not necessary for a period of two months. The spleen and liver had reduced in size 
clinically- as well as radiographically. Furuncles and abscesses were almost entirely- healed and he "as °P 
and about the ward. A bone marrow aspiration 3-18-40 revealed partial regeneration of the myeloid ek 
ments (fig. z). He remained in good condition, but on 4-1-40, 4 per cent lymphoblasts were found in his 
peripheral blood. On this date an injection of inactive neutral fraction of urine extract "-as gnen * 
similar injections were given daily for three and one-half weeks. This material was given in ii cc. alkahn. 
water emulsion. (One cc. was equal to 1,000 cc. urine.) During this injection period his relapse merca - 
There was an increased size of lymph nodes and spleen, and a shift to 50 per cent lymphoblasts < n 
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Fig. 1. Material from Bone Marrow Aspiration Prior to Treatment, Case 1. 
Wright's Stain X 9C0 



Fig. z. Material i rom Bone Marrow Aspiration Following Treatment, Case z. 

Wright's Stain X 900 

leukocyte count of S,oco on 4-17-40. He again had fever, and blood transfusions were again necessary be- 
cause of the recurrence of anemia. Inactions of crude active myelokcntric acid were again started on 
4-14-40. These were continued daily for four weeks and a second remission began. There was again a 
marked drop in the leukocyte count to 1,100 cells and diminution in the percentage and number of Ivm- 
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phoblasts. There was also a reduction in spleen size and improvement in his clinical condition. From the 
end of May 1540 uncil the first of July he was given the inactive neutral fraction of urine extract and a 
third relapse period developed. On 7-1-40 he was given active crude material and this was continued until 
he died S-19-40. Throughout the last month of his illness evidences of his leukemia were present at all 
times, as was evidence of his infection with paratyphoid B organisms. At this time sulfadiazine was 
given in an attempt to combat the infection. In the last two weeks of his life he developed a mediastinitis 
from which was cultured the paratyphoid organism. The leukocyte count the day before death was 11,000 
with 45 per cent lymphoblasts. Unfortunately, permission for a necropsy was not obtained. 

Cast }. E. S., a 9 year old white boy, entered the Jefferson Hospital 8-18-40 because of a “lump" on the 
side of his neck. This had been present for one month. He had lost 3 pounds in weight and had had a Ion- 
grade fever for two weeks. All peripheral lymph nodes, the liver, and spleen were enlarged. The leukocyte 
count was 11,000, differential count was 6 per cent polymorphonuclear neutrophiles, 13 per cent lympho- 
cytes, 7 per cent metamyelocytes, 74 per cent lymphoblasts. The erythrocyte count was 3,400,000, 
hemoglobin 61 per cent, and the platelets were not reduced. A sternal marrow aspiration revealed a very 
hyperplastic marrow with 90 per cent lymphoid cells, and of these 60 per cent were lymphoblasts. The 
leukocyte count on 9-3-40 was 13,000 with the same differential count and on this day an initial dose ofz 
cc. of crude myelokentric acid was given to him by intramuscular injection. One cc. of this material was 
equal to 500 cc. of urine. This was the chloroform extract of hydrolized urine and it was made up in alka- 
line water solution at a pH of 7.5 . This amount was given daily for eleven days. At this time the dose was 
increased so that 1 cc. of extract was equal to 750 cc. of urine. Two cc. were given daily until 10-10-40, 
when a further increase in the dose was made so that he received 3 to 3J cc., each cc. of which was equal 
to 1,000 cc. of urine. This latter dose was continued until 11-11-40 and after this date the extract was made 
up into capsules. These were given orally, fifteen each day, and this dose was equal to 1,800 cc. of urine. 
This was continued until 1-5-41. 

On 9-13-40 the leukocyte count had risen to 44,000 but the percentage of lymphoblasts was reduced to 
51. Slowly the leukocyte count fell and on 10-7-40 it was 9,000. The lymphoblasts had decreased to 14 per 
cent. Ac this time there was little decrease in the size of the lymph nodes, spleen, or liver, and clinically, 
improvement was slight. He was discharged from the hospital on 9-30-40 but injections were continued 
while he was at home. He was readmitted to the hospital n-n-40 and was given three blood transfu- 
sions. On 11-16-40 the lowest leukocyte count was reached; it was 4,500. The differential count at this 
time was, polymorphonuclear neutrophiles 6 per cent, lymphocytes 55 per cent, metamyelocytes 13 ptr 
cent, myelocytes 4 per cent, lymphoblasts zz per cent. He was discharged from the hospital again on 
11-Z6-40 and was cared for at home. In January, when treatment with the extract was discontinued, the 
leukocyte count was 17,000, erythrocyte count was z,5oo,ooo, and the hemoglobin was 49 per cent. The 
differential count was polymorphonuclear neutrophiles 5 per cent, eosinophiles 1 per cent, lymphocytes 
49 per cent, metamyelocy-tes 8 per cent, lymphoblasts 37 per cent. No further therapy was given, including 
transfusions, but he was observed until death on 3-10-41. Permission for a necropsy was not obtained. 

Cast 4. R. W., a zi year old white girl, entered Jefferson Hospital 6-S-4Z. She had been ill for two weeks 
during which time her mother had noticed pallor, black and blue spots on her skin, and a loss of appetite. 
The spleen svas enlarged z centimeters below the costal margin, the liver was slightly enlarged, and there 
was generalized lymph adenopathy. On 6-10-4Z the erythrocyte count was 3,300,000, hemoglobin 50 per 
cent, the leukocyte count svas 75,000, and the differential count svas polymorphonuclear neutrophiles 1 
per cent, lymphocytes 53 per cent, monocytes 5 per cent, lymphoblasts 40 per cent. With the exception of 
one period, i.e., from August 6 to August zi, this child svas given s-arious extracts and fractions of ex- 
tracts of feces from patients ss-ith chronic myeloid leukemia. She svas given J cc. to 1 cc. injection daily, 
usually in oil of ss-hich the fecal equivalent svas about 75 to roo grams. During the period of August 6 to 
August zi she was given J cc. to 1 cc. pf urinary extract daily, 1 cc. equaling 1,000 cc. of urine. The fecal 
extracts ss-ere made up every- tss-o sveeks; their potency- svas not knosvn. The marrosv from a bone marrow 
aspiration prior to treatment consisted almost entirely of lymphoblasts. The first twelve days that sh- 
svas in the hospital the leukocyte count fell to 1,800 and the ly-mphoblasts completely disappeared from 
the blood stream. A second bone marrow- aspiration at this time revealed an increase in myeloid elements 
in the marrow. The platelets increased in the blood stream from 56,000 at entry to 146,000 on 6-13-4 2 " 



P. R, MILLER, P. A. HERBUT AND H. W. JONES 


19 


The lymph nodes, spleen, and liver reduced in size and she was clinically improved. On 6-2.7-42. her periph- 
eral blood showed 30 per cent myeloid white cells, 68 per cent lymphocytes, and z per cent monocytes and 
no lymphoblasts. On July 6, however, her leukocyte count had increased to 40,000 with 16 per cent 
polymorphonuclear neutrophiles, 82. per cent lymphocytes and z per cent lymphoblasts. Through July 
and into August her leukocyte count varied from 11,000 to 71,000 with large numbers of lymphocytes 
and only a few lymphoblasts. During the period in which she received urinary extract the leukocyte count 
remained high. The week after this was discontinued, however, and fecal extract was again used the 
leukocyte count decreased to 800 cells with 91 per cent lymphocytes. The leukocyte count then rose to 
4,300, and on 9-16-41 the reticulocyte count was 6.5 per cent and the platelet count was 100,000. At this 
time there were 49 per cent polymorphonuclear neutrophiles in the peripheral blood. 

She again relapsed completely and the leukocyte count rose to 156,000 but contained only a small 
number of lymphoblasts — 1 per cent. The lymph nodes and spleen remained reduced in size throughout 
the entire course of her illness after treatment was started. She died 10-10-41. The leukocyte count the day 
of death was 300. At this time she had a papular eruption over her entire body which might have been due 
to septicemia, but no blood culture was taken. A necropsy was performed. 

Case s- L. R., a ij year old white girl, entered the hospital 7-11-44. She had lost 1 to 3 pounds in 
weight, was pale, and had had anorexia for six weeks before coming to Jefferson Hospital. She had been 
in another hospital the two weeks before entry at Jefferson and had received two blood transfusions. 
The spleen and all peripheral lymph nodes were moderately enlarged and the leukocyte count was 
15,000, of which 59 per cent were lymphocytes, 40 per cent were lymphoblasts, and 1 per cent were poly- 
morphonuclear neutrophiles. The erythrocyte count was 1,600,000, hemoglobin 48 per cent, and the 
platelet count was 11,000. A bone marrow aspiration revealed marrow made up almost entirely of lym- 
phoblasts. For eleven days she was given 10 cc. or 100 units daily of adrenal cortical extract. This was 
done in order that we might have a period of control before the urinary extracts were administered. 
Throughout this period there was no improvement clinically nor was there a change in her blood cell 
elements. The period between 7-15-44 and 8-11-44, or f° r twenty-four days, she received -J- cc. to 1 cc. of 
urinary extract daily (1 cc. of which was equal to 4,000 cc. of urine). This material was the chloroform 
extract of the hydrolyzed alcoholic eluate from kaolin adsorbate of urine. The larger dose was used be- 
cause this was not as potent as the chloroform extracts of hydrolyzed urine. Because of a lack of urine 
from August 11 to 18 she received the extract from only 1,500 cc. of urine daily, but after that the dose 
was again increased to 6,000 or even 11,000 cc. daily. On 7-14-44 the leukocyte count was 11,000 with 87 
per cent of the cells lymphoblasts, after which it gradually fell so that on August 5 it was 3,300 and the 
lymphoblasts were only 14 per cent. On August 17 the leukocyte count was 5,000; the differential count 
was 9 per cent polymorphonuclear neutrophiles, 1 per cent eosinophilcs, 1 per cent myelocytes, 88 per 
cent lymphocytes, and o lymphoblasts. Throughout this period her erythrocyte count was maintained 
at or above 3,000,000 without transfusions of blood. However, she gradually slipped into relapse again 
and on September 4 had 78 per cent lumphoblasts in a leukocyte count of 60,000. On September 17, and 
18, and 10 she was given a total of 300 r of x-ray over neck, thymus, and spleen with the hope that this 
plus the urinary extracts would control the leukemic process. The leukocyte count then fell to, and re- 
mained under, 1,000 from September Z5 to October z, the day of her death. A middle car infection was 
controlled during her hospitalization by penicillin. 

In the last week of her illness she developed an abscess of her right buttock and penicillin was given 
to control this. She died 10-1-44 a °d a necropsy was performed. 

Cast 6. D. H., a 4 year old white boy, had been ill for five months when he entered Jefferson Hospital 
9-16-45. He tired easily and had had anorexia throughout this time. He was irritable, pale, and had 
evidently lost a little weight. The axillary, cervical, and inguinal lymph nodes were enlarged. The abdo- 
men was protuberant because of enlargement of the spleen and liver. The erythrocyte count was 810,000 
and the leukocyte count was 9,500. The platelet count was 30,000, and the differential count revealed 41 
per cent lymphocytes and 59 per cent lymphoblasts. He was given a blood transfusion and injections of 
urinary extract were begun. This extract was the hydrolyzed eluate from kaolin adsorbed urine. The first 
twenty-five days he received material daily from the same lot of extract. Each injection was equal to from 
5,oco cc. to 2.0,000 cc. of urine. From September 2.6 to October 17 he received four blood transfusions. The 
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leukocyte count slowly decreased until on October 13 it had reached 1,500. Lymphoblasts at this time 
were only 11 per cent of rhe total count. The lymph nodes and spleen became smaller and he began to 
have a better appetite. On October 12. he had a sore throat, for which penicillin was given. After his 
throat became well the leukocyte count gradually increased to between 3,000 and 5,000 but the lympho- 
blasts remained low in number. The platelet count increased to 54,000 and the erythrocyte count was 
maintained at 3,000,000 without a blood transfusion for five weeks. 

He was given injections of rhe same rypr of extract from a different Jor beginning 10-17-45, bur he 
received only an amount equal to 1,500 cc. of urine daily. This was continued for sixteen days and was 
then doubled in amount for six days, but on 11-15-45 chloroform extract similar to that given to cases 1 
i, and 3 was administered in doses of 1 cc. daily (each cc. was equal to 1,000 cc. of urine). This was con- 
tinued until seven days before his death. During the last three weeks of his life he was obviously in re- 
lapse, with a leukocyte count as high as 35,000 cells, of which 81 per cent were lymphoblasts. The 
leukocyte count, however, fell during the last week of his life and was 1,700 the day of his death. He had 
developed an abscess of the left buttock which was incised and following this he bled from the wound 
and from the nose and throat. Staphylococcus aureus was cultured from the abscess. Death occurred on 
11-1-45 an ^ a necropsy was performed. 

Case 7. A. B., an 11 year old white boy, entered Jefferson Hospital 11-14-45. He bad been ill for one 
year. His illness started with joint pains and fever. In March 1945 a diagnosis of leukemia was made 
because of a leukocyte count of 10,000 which contained large numbers of lymphocytes and lymphoblasts. 
At that time his erythrocyte and platelet counts were low. Throughout the year he had received at least 
one transfusion of blood a week. The leukocyte count at one time was nearly 100,000. He had several 
attacks of middle ear infection and many attacks of joint pains simulating acute rheumatic fever. He had 
lost a great deal of weight and weighed only 40 pounds when admitted to the hospital. On 11-14-45 the 
leukocyte count was 59,000, and the erythrocyte count was 1, 800,000, with hemoglobin of 35 per cent and 
the platelet count was to, 000. The differential count was polymorphonuclear neutrophiles 1 per cent, 
myelocytes 1 per cent, small lymphocytes 6 per cent and lymphoblasts 91 per cent. A bone marrow aspira- 
tion had been done elsewhere and the marrow was made up largely of lymphoblasts although it was not 
very cellular. He was treated with chloroform extract of urine (1 cc. of which equaled 1,100 cc. of urine) 
administered by intramuscular injection in doses of b cc. daily for nineteen consecutive days. The last two 
days of his life this was not given. Along with this he received 3 units of liver extract daily and a total 
of five transfusions of blood. He had a middle ear infection which yielded to treatment with penicillin. 
The leukocyte count decreased to 1,600 the day of death but the percentage of lymphoblasts remained at 
about 90. Six days before death he passed bloody urine and from then on he bled from the urinary tract, 
from the nose, and from the bowel. He died 1-7-46 and a necropsy was performed. 

Case 8. R. H., a 14 year old white boy, entered Jefferson Hospital 5-1-46. For four months he had com- 
plained of easy fatigue and a loss of weight. For about four years he had been using lacquer and quick- 
drying airplane glue in building model airplanes. These probably contained benzol. In December 1945 he 
had had a severe “cold'' and since that time had had weakness, joint pains, nosebleeds, and anorexia. 
At another hospital during a six week period he received twelve blood transfusions. At that time a bone 
marrow aspiration had shown a marrow that was very cellular and contained large numbers of lym- 
phoblasts. 

On entry to Jefferson Hospital examination disclosed the spleen and liver to be palpable at the rib 
margins, and there was generalized slight Iymphadenopathv and pallor. The erythrocyte count was 
1,600,000, hemoglobin 59 per cent, and the leukocyte count was 6,300, and the platelet count was 10,000. 
The differential count was polymorphonuclear neutrophiles 10 per cent, lymphocytes 55 per cent, lym- 
phoblasts 15 per cent, monocytes 10 per cent. The sternal marrow aspiration was repeated and it revealed 
over 90 per cent lymphocytes and lymphoblasts in a very cellular marrow (fig. 3). On 5-1-46 he was given 
his first injection of crude myelokentric acid. This was a chloroform extract of hydrolyzed urine made up 
in alkaline water solution at a pH of 7.5 (1 cc. was equal to 1,000 cc. of urine). At first he was given 1 cc. 
daily. He had averaged 1 cc. daily throughout the entire treatment period up to August 3 although in the 
months of June and July the material was given two to four days apart in 1 to 4 cc. injection doses. At 
first he had a fever of ioi° to 104° F. daily and because of a cough and rhinitis he was given penicillin b) 
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injection for two weeks. The erythrocyte count was maintained by blood transfusion. The first month it 
was necessary to give a blood transfusion every four or five days, but after June i the intervals between 
transfusions were ten days to two weeks. The leukocyte count dropped slowly until it reached a low 
point of 1,400. As the total count fell the lymphoblasts dropped steadily in percentage and actual num- 
bers. Gradually the leukocyte count began to return to normal levels, and as it did normal lymphocytes 
and polymorphonuclear leukocytes made up the greater part of the differential count. On June 2.7. the 
erythrocyte count was 1,600,000, hemoglobin 54 per cent, the leukocyte count was 3,500, and the platelet 
count was 138,000. The differential count was polymorphonuclear neutrophiles 48 per cent, lymphocytes 
50 per cent, lymphoblasts 1 per cent. Another bone marrow aspiration was done on June 18, and it revealed 
a very hyperactive marrow with about one-third of the cells myeloid in character including red cell and 
platelet formation (fig. 4). The liver, spleen, and lymph nodes all were reduced somewhat in size. He be- 
came more active and his appetite was very good. June 18 he was discharged to be observed outside of the 
hospital. From then until this writing, 8-3-46, he has remained in partial remission. 

v/' — 
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Fig. 3. Material from Bone Marrow Aspiration Prior to Treatment, Case 8. 

Wright s Stain X 900 

Cast p. A. C., a 30 year old white man, had been ill for about ten weeks when he entered Jefferson 
Hospital 1-16*40. He had had night sweats, some fever, had lost 17 or 18 pounds in weight, and had noted 
four weeks before entry that the lymph nodes in h:s neck were swollen. Ten days before coming to the 
hospital his vision was blurred in the right eye. On examination there was a hemorrhage in the retina and 
evidence of recent bleeding from both nostrils; there was generalized enlargement of the peripheral lymph 
nodes, and the spleen was enlarged about 2. centimeters below the costal margin. The hemoglobin was 
69 per cent, erythrocyte count was 3,000,000, and the leukocyte count was 2.6,000. The platelet count was 

70.000 and the differential count was polymorphonuclear neutrophiles 12. per cent, lymphocytes 74 per 
cent, myelocytes 10 per cent, lymphoblasts 4 per cent. A bone marrow aspiration revealed a cellular 
marrow made up largely of lymphoblasts. He was given a total of 1,000 r of x-ray over neck, chest, and 
groins. His temperature was ioi° F. to 104° F. daily. He developed oozing of blood from nose and gums 
and many pctechiac over the entire body. The leukocyte count fell to 5,000 1-2.S-40 but rapidly rose to 

110.000 the day before he died He died 2.-16-40 and a necropsy was performed. 
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Case 10. R. S., a 3J year old white boy, entered Jefferson Hospital 6-17-42. because of pallor and a dis- 
tended abdomen. He was well until 3-1-40, at which time he had had a “cold.” Shortly after that, because 
of pallor and distention of the abdomen, he was taken to a hospital where the diagnosis of leukemia was 
made. Prior to admission to Jefferson Hospital he had had several transfusions. His erythrocyte count 
was maintained, with difficulty, at around 3,000,000. His leukocyte count varied from 15,000 to 35,000 
and the cells in the peripheral blood were all termed lymphocytes. 

In Jefferson Hospital it was found that all of the peripheral lymph nodes were moderately enlarged. 
The abdomen was found to be large because of the size of the spleen and liver. The erythrocyte count was 
1,2.00,000, hemoglobin 34 per cenr, leukocyte count was 107,000 and the platelet count was 44,000. The 
differential count was lymphocytes 65 per cent, lymphoblasts 35 percent. He was given five transfusions, 
and the last two days of his life he was given two injections of the inactive neutral fraction of extract 
from feces. The erythrocyte count was 1,400,000, hemoglobin 2.9 per cent, and the leukocyte count was 



Fig. 4. Material from Bone Marrow Aspiration after 6 Weeks of Treatment, Case S. 

Wright’s Stain X 900 

5,000 the day of death with no change in the differential count. The day of death it was found that he had 
an abscess of his right buttock. He died 6-2.9-42.; a necropsy was performed. 

Case 11. H. S., a 16 year old boy, entered Jefferson Hospital 4-14-45 because of pains in the muscles of 
arms and legs, loss of weight, and fever for a period of four months. He had been in another hospital in 
January 1945 and was thought to have rheumatic fever. At that time it was found that he had anemia and 
two blood transfusions were given. He was also given penicillin because the spleen was enlarged and he 
had a fever of 102. 0 to 103° F. daily. When he entered Jefferson Hospital it was obvious that he had lost 
weight. At this time the spleen and liver were palpable, there was slight enlargement of the inguinal 
lymph nodes, but other lymph nodes were not enlarged. The sternum and the bones of the legs were 
tender to pressure. 

X-ray examination of the chest showed nothing abnormal, but examination of the legs showed an 
elevation of the periosteum of each fibula, more on the left than on the right. A sternal marrow aspirarion 
revealed a very hyperplastic marrow, the cells of which were preponderantly lymphoblasts. At this tiffi- 
his peripheral blood was not particularly abnormal. On 4-19-45 the erythrocyte count was 3,700,000 wit 
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a hemoglobin of 69 per cent. The leukocyte count was 7,900 with a differential count of polymorphonu- 
clear neutrophiles 64 per cent, eosinophilcs 1 per cent, basophiles 1 per cent, lymphocytes 17 per cent, 
monocytes 6 per cent, lymphoblasts 1 per cent. A biopsy of the fibular marrow revealed a lymphoid reac- 
tion with infiltration of lymphoid cells into the cortical bone. 

The peripheral blood gradually changed so rhat on 5-18-45 in 15,000 leukocytes 42. per cent lympho- 
blasts were present. He became more anemic and it was necessary to give him blood transfusions. He also 
had an infection of his right eye which was controlled with penicillin. On 6-5-45 his leukocyte count was 
14,000 and of these 77 per cent were lymphoblasts. Late in the disease he bled from the urinary tract, 
bowels, and nose. The day before death the leukocyte count was 108,000 with 8i per cent lymphoblasts. 
He died 6-9-45 and a necropsy was performed. 

Cast 12. S. W., an 8 month old colored girl, one of twins, entered Jefferson Hospital 4-17-45 because of 
swelling of the eyelids, irritability, and anorexia. There was a generalized lymphadenopathy, the eyelids 
were swollen, the mucous membranes were pale, and the liver enlarged. She had been ill for about two 
weeks. The erythrocyte count was 1,700,000 with a hemoglobin of n per cent, the leukocyte count was 
38,000, and the differential count was polymorphonuclear neutrophiles 4 per cent, lymphocytes 4 per cent, 
and lymphoblasts 91 per cent. Her platelet count was 4,000. The leukocyte count fell in two days to 5,000. 
Transfusion of blood was given but she died 4-19-45 and a necropsy was performed. 

PATHOLOGY 

Grossly there were no clear-cut variations between the treated and untreated 
cases. Petechiae and hemorrhages were present in the skin of z of the controls and 
in 3 of the treated, and in the pericardium of 1 of the former and of 3 of the latter. 
In both groups there was generalized enlargement of the lymph nodes to a maxi- 
mum of z.5 cm. in diameter. Making an allowance for the difference in ages, the 
spleens of the untreated children (weighing 170 Gm. in case 9 and 90 Gm. in case 
12.) were definitely larger than were those of the treated ones (weighing izo Gm. 
in case 5, 50 Gm. in case 4, 12.0 Gm. in case 1, and 90 Gm. in case 6, and 150 Gm. 
in case 7). All livers were enlarged but they showed no appreciable change in size 
and appearance in the two groups. The involvement of the kidneys was more ex- 
tensive in control cases 9, 11, and 12. (one kidney in each weighing 32.0 Gm., 670 
Gm., and 90 Gm. respectively) than it was in the treated cases 1, 4, 5, 6, and 7 
(whose corresponding weights were 130 Gm., 150 Gm., no Gm., 55 Gm., and 90 
Gm. respectively). The cortices in each were swollen and pale brown and exhibited 
irregular petechiae and larger blotchy areas of erythrocytic extravasation. Hemor- 
rhages in the lungs, prominence of the lymphoid patches in the intestines, and the 
appearance of the bone marrow were the same in both groups. 

Microscopic : Histologic sections of all organs were stained with hematoxylin and 
eosin and in addition sections of the lymph nodes, liver, spleen, and bone marrow 
were stained with Foote’s reticulum stain, Giemsa’s stain, and Masson’s trichrome 
stain. 

Lymph Nodes: In both the control and treated cases the normal architecture was 
almost completely effaced and the capsules were infiltrated with leukemic cells. 
In the controls there was a diffuse and dense or moderate infiltration with lympho- 
blasts and lymphocytes and almost no pleomorphism of cells (fig. 5). In the back- 
ground there were sparse reticulum cells, occasional polymorphonuclear leuko- 
cytes, and no phagocytes. In case 12. the vessels were quite prominent and there was 
a slight increase of perivascular connective tissue but in none of the cases was there 
reticulum hyperplasia. 
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bands of cells radiating peripherally from the medulla (figs. 7, 8, and 9). The cells 
were large, polygonal or irregular in shape, and contained round evenly stained 
nuclei and an abundant amount of pink cytoplasm with processes often attached to 
the underlying reticulum. While the infiltrating cells were mostly lymphocytes 



Fig 7. Section of a Lymph Node from a Treated Case Showing a Marked Increase in 
Reticulum Cells. Hematoxylin and Eosin X 2X>o 



Fig. S. Section or a Lymph Node from an Untreated Case Showing a Paucity of Reticulum. 

Foote’s Reticulum Stain X 2.co 

and lymphoblasts, the pleomorphism was sometimes so marked and of such a na- 
ture as to suggest a more than striking resemblance to Hodgkin's disease (fig. io). 
The most conspicuous elements perhaps were very irregularly shaped cells of an 
over-cell size equal to that of lymphocytes or lymphoblasts. They contained almost 
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imperceptible cytoplasm and darkly stained nuclei, and were undoubtedly dis- 
torted lymphocytoid cells. In addition to these cells there were scattered phago- 
cytes, polymorphonuclear leukocytes, eosinophiles, plasma cells, and large 
mononuclear or multinuclear cells resembling Stemberg-Reed cells. Some of the 




Fig. io. Section of a Lymph Node from a Treated Case Showing a Marked Pleomorfhism of Cells 
Resembling Hodgkin's Disease. Giemsa Stain X ~oo 


nodes also disclosed a diffuse, early fibrosis. Sections of the thymus from case 6 
showed a reticulum cell hyperplasia and a pleomorphism of cells similar to that 
seen in the nodes of the same case. 

Liver: The leukemic infiltrates in the livers of the control cases were prominent 
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throughout the portal radicles and very sparse between the liver cords (fig. n). 
In cases 9, 10, and 11 all the extraneous cells were lymphoblasts or lymphocytes, 
whereas in case 12. there were also a few distorted cells in the portal radicles. Con- 



Fig. ii. Section of a Liver from a Treated Case Showing a Portal Radicle from Which the 
Leukemic Cells Have Been Almost Completely Washed Away Leaving a Naked Scanty 
Underlying Reticulum. Hematoxylin and Eosin X ioo 


nective tissue cells were slightly increased in the latter location in case 12. but were 
not evident in cases 9, 10, and 11, and Kupffer's cells were difficult to demonstrate 
in any of the controls. The distribution of the leukemic cells in the livers from the 





Fig. 13. Section of a Liver from an Untreated Case Showing a Relatively Scanty Reticulum in a 
Portal Radicle. Foote’s Reticulum Stain X lco 



Fig. 14. Section of a Liver from a Treated Case Showing an Increase in Reticulum in a 
Portal Radicle. Foote’s Reticulum Stain X lco 


of lymphoid cells (figs. 11, 13, and 14), and (4) a swelling, bulging, and what even 
appeared to be a detachment of some of the Kupffer’s cells into the sinusoidal 
lumens (fig. 15). Except for some increase of fat droplets in the liver cells, the he- 
patic structure was otherwise unchanged. 






F. R. MILLER, P. A. HERBUT AND H. W. JONES 


X 9 


Spleen: Sections of the spleens from the controls showed a few distorted follicles 
remaining in case iz and a complete effacement of the normal architecture in cases 
9, 10, and 11 (fig. 16). In the latter the cells were almost all of the lymphocytic 
type, but in case iz there were also a few phagocytes and occasional polymorpho- 



Fig. 15. Section of a Liver from a Treated Case Showing Very Prominent Kupfter’s Cells, Some of 
Which Appear to de Extruding into the Lumen. Hematoxylin and Eosin X 4co 



Fig. 16. Section of a Spleen from an Untreated Case Showing a Complete Effacement of the 
Normal Architecture and a Diffuse Infiltration with Lymphoid Cells. 

Hematoxylin and Eosin X ioo 


nuclear leukocytes and eosinophiles. In this case the sinuses and reticulum were 
discernible, although not hyperplastic, while in cases 9 and 10 they were incon- 
spicuous. Sections of the spleens from the treated cases showed the same topo- 
graphical changes as did those from the untreated ones. As in the other organs they 
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differed from the latter in that there was (i) a focal or diffuse increase in reticulum 
(figs. 17 and 18), (1) a prominence of the sinusoids, and (3) a marked pleomorphism 
of cells. In case 6 some of the foci of reticulum hyperplasia disclosed early necrosis 
but in the remaining cases such degenerative changes were not encountered. In case 



Fig. 17. Section or a Spleen from an Untreated Case Showing a Paucity of Reticulum. 
Foote's Reticulum Stain X 100 



Fig. iS. Section of a Spleen from a Treated Case Showing a Marked Increase of Reticulum. 
Foote's Reticulum Stain X i-oo 

i, whose spleen was removed before treatment, there was no increase in reticulum 
and no such pleomorphism of cells as was seen in the spleens of treated cases. In all 
treated cases although most of the infiltrating cells were lymphoblasts and lympho- 
cytes there were also varying numbers of phagocytes, reticulum cells, monocytes, 
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Fio. 10. SrcTion or Rokr Marrow irom an Untiikatiid Cash Showing a Djiiush and Diinsr 
Inih.thation with Lymphoid Culls. Hiimatoxyun and Eosin X loo 

Marrow: Sections of sternal anti vertebral bone marrow were studied his- 
tologically. In the control cases it was diffusely involved, showing a moderate or 
dense infiltration with leukemic cells (fig. zo). These composed from 75 percent to 
90 per cent of all the marrow elements with the remaining constituents consisting 
of megakaryocytes and cells of the erythrocytic and myelocytic series. There was 
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osteosclerosis in case 10 but in none of the cases was there reticulum cell hyperplasia 
or fibrosis. Sections of the marrow from the treated cases also showed a diffuse 
involvement but, in contrast to those of the control cases, it was less cellular and 
distinctly more “washed out" (fig. zi). About one-half of the infiltrating cells 
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Fig. ii. Section- of Bone Marrow from a Treated Case Showing a Decrease in Celeularitt and a 
Marker Pleomorphism of Cells. Hematoxylin and Eosin X too 

vs ere 1 } mph oblasts and lymphocytes whereas the remainder was composed of 
reticulum cells, large primitive cells resembling Sternberg-Reed cells, plasma cells, 
few eosinophiles, polymorphonuclear leukocytes, and other unidentified cells 
(fig. zz). Throughout the sections there was a diffuse or focal increase of reticulum 
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to which processes of the reticulum cells were often attached (figs. Z3 and 14). All 
sections showed almost a complete absence of megakaryocytes. 

Kidney: The leukemic infiltrates in the kidneys were similar in distribution in 
both the control and treated cases. They were confined to the interstitial tissue of 
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asation, although present in both groups, was much more severe in the treated 
cases. 

Other Organs: In both the control and treated cases small foci of leukemic cells 
were found in the adrenals, lungs, heart, pancreas, and skin. Except for some of the 
pleomorphism already referred to, these foci were similar in both groups. There 
was a variety of cells in greatly hyperplastic lymph follicles of the intestine in both 
the treated and untreated cases and in each there was ulceration of the overlying 
epithelium. Congestion, edema, and hemorrhages were found with equal frequency 
and severity in the lungs of both groups of cases. 

RECAPITULATION OF CLINICAL AND PATHOLOGICAL MATERIAL 

The clinical part of this paper is presented in order that it may be seen that a 
trend toward normal blood levels was initiated in each of the treated cases. This 
was especially true in cases i, i, 4, and 8. To a lesser degree it was apparent in cases 
3,5, and 6, while in case 7 the trend was very slight. 

In each case except case 1 there was a marked drop in total leukocyte count 
twelve days to six weeks following the first dose of crude myelokentric acid. The 
leukocyte counts of cases i and 4 reached levels under 1,000; those of cases 6 and S 
were reduced to under 2., 000 cells. In case 1 the level of the leukocytes was under 
1,000 when treatment was started. Case 5 reached a low count of 3,000 and case 3 
a low count of 4,500. After the lowest count was reached in each case, with the 
exception of cases 3 and 7, the subsequent rise was accompanied by normal elements 
in the hemogram. As the leukocyte counts began to rise young erythrocytes and 
increased numbers of platelets were found in the peripheral blood. The bone mar- 
row aspirations that were obtained after the leukocyte counts began to rise and 
normal elements had appeared in the peripheral blood of cases 1, i, 4, and 8 revealed 
a regeneration of myeloid elements and a diminution of lymphoid cells as compared 
with the aspirations obtained prior to treatment. Five of the 8 cases had remissions 
so marked that transfusions were unnecessary for periods of from three weeks to 
two months. In cases 1, i, 4, 5, and 6 during these periods the erythrocyte levels 
were maintained at or above 3,000,000 cells. Before treatment and throughout the 
first five weeks of treatment case 8 required transfusion not less than once a week 
and frequently every four to five days. As treatment progressed this case required 
transfusion only every ten days to two weeks. The size of lymph nodes, spleen, and 
liver was reduced in each case that received this treatment, although case 3 showed 
some fluctuation in the size of the lymph nodes irrespective of treatment. 

The leukocyte count of case 3 fell from 2.6, oco to 5,000 in two weeks of observa- 
tion, but again increased to 110,000 before death and there was no change in the 
organ pathology. The leukocyte count of case iofellfrom 107,00010 5,000 in twelve 
days, but there was no change in the size of the spleen or liver or of the lymph 
nodes, and necropsy material showed no alteration from the usual leukemic process 
A change from normal leukocyte levels with normal differential values to leukemic 
levels with large numbers of abnormal cells occurred in case 1 1 in a five week period 
and of course the necropsy material was typical of lymphoid leukemia. The leuko- 
cyte level of case 12. dropped from 38,000 to 5,000 in two days, again wi thorn 
change in organ pathology. 
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The relationship of infection to the partial remissions reported here must be con- 
sidered, because cases a, 4, 5, and 6 each had severe infections. Cases 1, 3, 7, and 8, 
however, did not have severe infections and the remissions and necropsy material 
were much the same whether or not infection had been encountered. Aside from 
these facts a of the control cases had infection which did not alter the course or 
organ pathology in these cases. Others 7 also have remarked on the coincidence of 
infection in the leukemias of childhood, but in such reports it is rare to find a 
change in the pathology of the disease from the action of the infective agent. Case 
5 (a treated case) and case 10 (a control) were each given small doses of x-ray. It 
seems unlikely that the alteration in organ pathology could be accounted for by the 
action of x-ray in case 5 . 

The length of life of all cases is shown in table 1 . In the treated cases we have used 
the length of life from the start of treatment to death, and for the untreated cases 
from the start of our observations to death. 

This is too small a series from which to draw any conclusions, but the table is 
given because of the striking difference between the two groups. 


Table i. — Length of Life in Treated and Control Cases 


TREATED 

CQSTROL 

Case 1 — 61 months 

Case 9 — iz days 

Case i — 8 months 

Case 10 — 1 month 

Case 3— 6 months 

Case 11 — z months 

Case 4 — 4 months 

Case iz — z days 

Case 5 — z! months 


Case 6 — z months 


Case 7 — 3 weeks 


Case 8 — 6f months (still living) 



We believe that we have induced partial remissions in these 8 cases thirteen times. 
This number of remissions is obtained by adding the very definite changes that 
occurred in the blood picture and bone marrow and in the general condition of the 
patients to the changes that occurred toward the end of life in cases 1, 4, and 7. We 
believe that these latter were consistent with the necropsy findings. 

The remissions were more complete in cases 1, 2., 4, and 8 than in the other cases. 
The necropsy material of case 7, however, represented a greater change from the 
usual leukemic process than did material from the other 4 in the treated necropsy 
group. It is interesting in this connection that to cases 1, z, 7, and S liver extract 
(anti-anemia factor), 1 to 3 units, was given with each dose of crude myelokentric 
acid. A relationship between the action of the two substances might be suggested 
but further work is needed to be certain of this. 

It must be remembered that all the material used was crude and because of the 
variations in its source great variations in potency occurred from one lot to another. 
Cases 5 and 6 might have gone further into remission except that at a crucial point 
in each case, because of lack of urine, it was necessary to reduce the dose of the ex- 
tract. Then, too, patients may build up an increased tolerance to the material and 
need more of it the longer they are treated. It should be pointed out that z patients. 






3 6 


TREATMENT OF LYMPHOBLASTIC LEUKEMIA ■ 


cases i and x, were given inactive fractions of urine extracts for adequate periods of 
time with no effect on the blood picture or improvement in general condition. 

The histopathologic changes in the various organs of the treated cases are in 
keeping with the clinical picture. That the injected material had an effect upon the 
leukemic process was indicated in several ways. The earliest manifestation, per- 
haps, was a change in the morphologic appearance of the lymphocytic cells from 
the regular, round, evenly staining forms to very irregular, distorted, and pyknotic 
cells. This was most apparent in those locations where the leukemic infiltrations 
were most severe. Although the bone marrow was diffusely involved in all the 
treated cases, there was a decrease of cellularity to a degree consistent with a diag- 
nosis of hypoplasia. A later result, which suggested healing, was indicated by an 
increase of reticulum and fibrous tissue with a corresponding decrease of leukemic 
cells. This was particularly evident in the liver from cases i and 7. Finally, the effect 
of treatment was manifested in the marked pleomorphism evoked especially in the 
lymph nodes, spleen, and bone marrow, and in the reticulum cell hyperplasia best 
exemplified in the lymph nodes and spleen. 

The injections of organ extracts have caused partial remissions in acute leukemia 
(Cooke, 193s) 8 but no such change in the pathologic morphology. 

DISCUSSION 

Myelokentric acid is a noncarbinol acid that is found in the urine of patients with 
acute or chronic myeloid leukemia, chronic lymphoid leukemia, monocytic leu- 
kemia, Hodgkin’s disease, and in liver lipids. Lymphokentric acid is an hydroxy- 
acid that is found in the urine of patients with acute or chronic lymphoid leukemia, 
lymphosarcoma, chronic myeloid leukemia, monocytic leukemia, Hodgkin's dis- 
ease, and in liver lipids. These two acids are chemically interconvertible: i.e., by 
reduction myelokentric acid may be converted from a noncarbinol to an hydroxy- 
acid and the end product is biologically active as a stimulator of lymphopoiesis, 
and the reverse is also true: i.e., by oxidation, lymphokentric acid may be converted 
from an hydroxyacid to a noncarbinol acid and the end product is biologically 
active as a stimulator of myelopoiesis. 

We believe that these substances are of fundamental importance in the abnormal 
processes of blood cell production in the leukemias. It is also possible that they 
constitute the balance mechanism in normal blood cell proliferation and matura- 
tion. We do not believe that they are the causative agents for leukemia. 

Leukemia in the human individual may exist without any known precursor but 
frequently it occurs following a precipitating incident or set of incidents. These 
may be exposure to x-ray or radium, contact with or exposure to benzol or ns 
derivatives, trauma — either physical or mental — the use of arsenical or sulfonamide 
drugs, infection of various types as well as other factors and agents. These incidents 
or agents are not the causes of leukemia per se but each may act to upset the normal 
balance of blood cell formation so that leukemia results, and it then continues till 
the death of the individual even if the inciting agent has been removed. 

It is our contention that the leukemias represent a group of metabolic disorders w 
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which the various types are not well separated on a physiologic basis. These meta- 
bolic disorders may be expressions of the excesses or deficiencies of myelokentric 
and lymphokentric acids and/or imbalances in the normal relationship of the 
lymphoid and myeloid systems. 

Ziegler was the first to propose that myeloid and lymphoid cells and tissues were 
balanced and interrelated in their activities. It has been apparent almost from the 
earliest classification of blood cells that when the lymphoid system was hypertro- 
phic the myeloid system was diminished in activity and vice versa. Evidence of this 
type of interrelationship of the two hematopoietic systems occurs in the myeloid 
response to various bacterial infections and the lymphoid response to certain 
filter-passing viral infections. It is also evident in certain of the metabolic diseases, 
as, for example, reduction in the hormones from the cortex of the adrenal is accom- 
panied by myeloid atrophy and lymphoid hypertrophy while in Cushing’s syn- 
drome the reverse may be found. 

Each of the three large groups of leukemia seem to represent exaggerations of this 
process. In chronic myeloid leukemia, for instance, hyperactivity of the bone mar- 
row elements occurs. This represents not only an increased production of cells but, 
along with the increased number of cells, there is also an increase in maturation. 
Throughout the greater part of the disease there is not only an overabundance of 
cells but an overabundance of cells that are apparently normal in morphology and 
biologic reactions. Throughout the greater part of the disease the lymphoid system 
appears normal and at least normal numbers of lymphocytes appear in the periph- 
eral blood. Toward the end of the disease the lymphoid system is frequently re- 
placed by myeloid cells and the lymphoid cells disappear from the peripheral blood, 
and at this time, to a large extent, the maturation of the myeloid cells ceases. This 
is termed the blastic phase of chronic myeloid leukemia and is comparable, if not 
identical, with the acute form. 

We have suggested previously that myelokentric acid and lymphokentric acid 
are mutually reciprocal in action and that myelokentric acid stimulates myelopoie- 
sis without maturation . 3 We contend that the maturation of myeloid cells is 
brought about by the action of lymphokentric acid which inhibits the proliferation 
of myeloid cells and hence allows them to mature. In chronic myeloid leukemia 
throughout the greater part of the disease there is an excess of myelokentric acid 
and at least a normal amount of lymphokentric acid. Such a mechanism brings 
about excessive proliferation and maturation of myeloid cells and normal produc- 
tion of lymphoid cells. As the lymphokentric acid becomes exhausted maturation of 
myeloid cells ceases, and this coincides with the disappearance of the lymphoid 
cells from the blood and tissues. The mechanism involved in acute myeloid leu- 
kemia is consistent with a lack of lymphokentric acid and a normal or increased 
value of myelokentric acid. Some acute myeloid leukemias show slight maturation 
of myelocytes and probably have available small amounts of lymphokentric acid, 
but in each one there is a deficiency of lymphokentric acid and lymphopoiesis. 

A similar picture can be drawn for a chronic lymphoid leukemia with its in- 
creased proliferation and maturation. In this disease if the myeloid system becomes 
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exhausted and the bone marrow is replaced with lymphoid elements less and less 
maturation of the lymphoid cells will occur and an acute phase will result. This is 
encountered less frequently than the similar phase of chronic myeloid leukemi'2. 

Again, we have suggested previously that lymphokentric acid brings about 
lymphoid proliferation without maturation. 3 The maturation of lymphoid cells is 
brought about by the action of myelokentric acid which inhibits the proliferation 
of lymphoid cells and hence allows them to mature. In chronic lymphoid leukemia 
there is an excess of lymphokentric acid and at least a normal amount of myeloken- 
tric acid. An excessive proliferation and maturation of lymphoid cells and a normal 
production of myeloid cells occurs because of such a mechanism. When the my- 
elokentric acid becomes exhausted maturation of lymphoid cells ceases and little 
or no production of myeloid cells occurs. The mechanism involved in acute lym- 
phoid leukemia is consistent with a lack of myelokentric acid and a normal or in- 
creased amount of lymphokentric acid so that lymphopoiesis goes on in a prolifer- 
ative but unmaturative manner without myelopoiesis. 

It is more difficult to explain the monocytic leukemias on this basis. We have 
reported previously', however, that extracts of the urine from patients with mono- 
cytic leukemia contained excessive amounts of both my-elokentric acid and lympho- 
kentric acid. Hypothetically the overstimulation of both lymphoid and myeloid 
systems at the same time might result in a monocytic proliferation accompanied by 
some pleomorphism and either much or little maturation of the cells involved. 

SUMMARY 

Eight cases of blastic lymphoid leukemia have been treated with myelokentric 
acid in crude form, because hypothetically in blastic ly-mphoid leukemia there is 
a deficiency of this material. The crude myelokentric acid was used because it was 
more easily- obtained than partially- purified material. Purification of biologically 
active materials by- methods of extraction and precipitation necessarily- results in a 
considerable loss of material. Thirteen partial remissions occurred following the 
administration of crude my-elokentric acid. Seven of the S patients have died, and 
5 necropsies were performed. 

The necropsy- material adds further weight to the belief that the remissions were 
induced by- the my-elokentric acid in that in all 5 necropsies there was a definite 
alteration in the histologic morphology as contrasted with the findings in the 
necropsies of the controls. 

It seems inadvisable, however, to treat a large number of patients with this mate- 
rial because it is crude, it is relatively- unavailable, and no standard dose has yet 
been devised. 


We wish to t hank Dr. D. L. Turner and Dr. \V. A. Hause for valuable assistance in this work. 
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The Rate of Their Utilization in the Cat 
By John S. Lawrence, M.D., and William N. Valentine, Captain, M.C., A.U.S. 

I. INTRODUCTION 

O F ALL the formed elements of the blood the platelet has been the most diffi- 
cult to study. This has been largely due to its extreme lability in shed blood 
and the consequent technical difficulties associated with handling it. In particular, 
there has been little or no valid conception of how long the average platelet may 
be expected to survive in the intact animal. Estimations of the average rate of plate- 
let utilization have been derived almost entirely from the observed rate of regen- 
eration in animals rendered acutely thrombopenic by one or another means— a 
method whose validity is open to serious question. In addition to these observa- 
tions, Duke 2 in 3 patients with thrombopenic purpura was able to make an indirect 
estimate of platelet life span by noting the duration of improvement in hemostasis 
following direct transfusion. It is also possible to arrive at some rough estimate of 
the rate of platelet utilization if one accepts the figures of Howell and Donahue* 
on platelet counts made simultaneously from venous and arterial blood. However, 
these findings were not confirmed by Fidlar and Waters, 4 or by Tocantins and Brad- 
shaw. 12 This brief pertinent literature will be reviewed presently, but one is forced 
to conclude that there is little in the way of concrete data to support more than a 
conjecture. 

It is the object of this report to present data obtained by in vivo studies on the 
cat relative to the average rate of platelet utilization in that animal. In principle, 
the method has been as follows. A cat is rendered chronically thrombopenic bv 
means of radiation and then cross circulated via carotid to carotid anastomoses 
with a normal animal. After equilibrium has been established the thrombopenic 
animal possesses in the neighborhood of half the platelets originally belonging to 
the normal cat. Each animal is then returned to its own circulation and the rate of 
disappearance of the cross circulated platelets is followed by repeated counts. 
The methods employed will be discussed in detail in a subsequent section. In effect, 
therefore, the results are analogous to those obtained by following the rate' of dis- 
appearance of transfused erythrocytes, the radiated animal in this instance having 
been rendered incapable of producing more than negligible numbers of platelets. 
Cross circulation serves merely as a device to give the thrombopenic animal a 
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massive direct transfusion rich in platelets, the platelets never leaving the vascular 
system or contacting other than an endothelial surface. 

II. REVIEW OF THE LITERATURE 

Only isolated estimates of the in vivo rate of utilization of the blood platelet in 
either animal or man appear in the medical literature. The majority of these reports 
are referred to by Tocantins 12 in his excellent monograph on the mammalian plate- 
let. 

The earliest report of which the authors are aware is that of Duke 2 in 1910. This 
investigator found that the hemorrhagic diathesis in 3 patients with idiopathic 
thrombopenia was largely relieved by direct blood transfusion. In 1 case the platelet 
count was reportedly raised from 3 ,000 to 1x3 ,000 platelets per cubic millimeter and 
in another from 20,000 to 89,000 per cubic millimeter. The transfused platelets had 
almost completely disappeared within three days. Duke concluded that while these 
platelets may conceivably have been prematurely destroyed by the disease process, 
they probably were shortlived bodies whose utilization might be as rapid as one- 
fourth the total number per day. He also mentioned that experimental results of 
platelet transfusion in animals rendered thrombopenic by benzol suggested a rapid 
rate of platelet disappearance. Published details on these experiments could not be 
found. Duke, 3 again the following year, reported results obtained by observing the 
rate of platelet regeneration in dogs made thrombopenic by the removal of blood 
and its reinjection after defibrination. On the average, the rate of regeneration 
under these circumstances amounted to around one-fifth the entire number in the 
blood per day. Firket 5 (quoted by Tocantins) obtained essentially similar results 
in animals rendered thrombopenic by both the defibrination technic and after 
saponin injections. Similar rates of regeneration have also been noted by Bedson 1 
and Tocantins 11 after thrombopenia induced by the injection of antiplatelet serum. 
In this connection, however, it is also interesting to note that an increase of 400,000 
to i,ooo,oco platelets per cubic millimeter in twenty-four hours has been observed 
after splenectomy in patients with thrombopenia. 12 

In 1916 Minot and Lee 8 noted marked improvement in the coagulation time of 
hemophilic patients after transfusion. This lasted for approximately three days. 
The authors felt that this was probably due to the introduction of normal platelets 
and that the clinical results were in corroboration of the findings of Duke. Of 
course, more recent work has indicated that improvement in hemostasis in hemo- 
philiacs after transfusion is not due to introduced platelets per se. 

Shause, Warren, and Whipple 10 noted the sudden disappearance of platelets in 
dogs seven to eight days after they received radiation over the entire bony skeleton. 
Since megakaryocytes were virtually all destroyed by the amount of radiation 
given, it was suggested that the life of the platelet in the peripheral blood might 
be around seven to eight days. 

Howell and Donahue 8 in 1937 found arterial blood consistently to contain 
a larger number of platelets than simultaneously removed samples of venous blood. 
For this reason, and because of evidence interpreted as indicating that platelet pro- 
duction in abundance took place in the lungs, it was concluded that new platelets 
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are added to the blood in the capillary areas of the lungs and that a corresponding 
destruction of platelets occurs as the blood passes through the capillar)' areas of the 
systemic circulation. Using the figures given, it is apparent that this would involve 
a complete replacement of the entire platelet mass in approximately ten complete 
circulations of the blood. However, Tocantins and Bradshaw 12 (reported by To- 
cantins) found inconstant relationships between the platelet counts of arterial and 
venous blood. Fidlar and Waters 4 were likewise unable to confirm either a signifi- 
cant differential in the platelet levels of arterial and venous blood or to obtain 
satisfactory evidence of important platelet production in the lungs. 

In view of the conjectural nature of the rate of platelet utilization in either man 
or animal as suggested by the scanty evidence available in the medical literature, 
it appeared desirable to investigate the problem by some direct method in which 
the actual rate of disappearance of normal platelets could be measured. 

HI. METHODS 

Normal cats were rendered thrombopenic by repeated exposures to known 
amounts of radiation and then under nembutal anesthesia cross circulated via 
carotid anastomoses with nonradiated animals. The full details of the method of 
establishing the cross circulation are given elsewhere. 7 Suffice it to say here that 
platelets traversing the anastomoses have a continuous endothelial lined pathway 
in their passage from one animal to the other. 

Cross circulation was allowed to function for a sufficiently long time to establish 
equilibrium and then each animal returned to its own circulation. In eight satisfac- 
tory experiments of this nature it was possible to elevate the platelet count of the 
previously thrombopenic cat anywhere from ico,ooo to 450,000 per cubic milli- 
meter. The rate of disappearance of these cross circulated platelets was then 
followed by repeated counts until they had returned to their pre-cross circulation 
base line or below. 

During the period of developing thrombopenia, which usually' took in the neigh- 
borhood of ten to twelve day's, the platelet count was checked at intervals. No 
animal was deemed sufficiently' thrombopenic for use until the platelet count had 
fallen to approximately' 50,000 per cubic millimeter. In some instances it was much 
lower. Control animals receiving identical radiation preparation but not cross 
circulated were repeatedly checked to be certain that no significant platelet regen- 
eration was occurring during the period of the experiment. These animals 
invariably’ died w-ith gross purpuric manifestations and extremely' low platelet 
counts during the progress of the experiment or, if they lived for the entire period, 
showed no evidence of platelet regeneration. 

All platelet counts were made with Bureau of Standards certified pipets on blood 
obtained from the marginal ear vein. Rees-Ecker 9 diluting fluid was first drawn up 
to the 0.5 mark on a red blood cell piper. Blood was rapidly’ drawn up to the i.o 
mark and the pipet then filled in the usual manner with more diluting fluid. All 
counts were invariably' made in duplicate and discarded unless satisfactory checks 
were obtained. Sufficient numbers of duplicate counts were made each day to pre- 
clude the possibility' of an occasional erroneous count being given undue signifi- 
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cance. Results were further checked by examination of Wright stained cover slip 
preparations for the number of platelets present. Glassware was scrupulously 
cleaned and any preparations rendered unsatisfactory by contact hemolysis of 
erythrocytes discarded. 

In connection with the cross circulation experiments, observations were made to 
determine the physiologic variations of platelet counts made by this method on 
normal cats. In ixi counts made in this manner on 55 normal animals the average 
platelet count was found to be 42.x, 000 per cubic millimeter. The following percent- 
age distribution was obtained. 

Platelet Count 

100.000- xoo,cco per c.mm 

xoo, 000-3 00,000 

300.000- 400,000 

400.000- 500,000 

500.000- 600,000 

over 600, oco 

100.0 

Total dosage of radiation varied somewhat from animal to animal depending on 
heir toleration of the initial exposure and on the satisfactory development of 
were thrombopenia. The following factors were kept constant. 

Voltage ... 250 K.V.P. 

Milliampcrage ... . .. 15 

Target distance 22 inches (to center of cat) 

Filter ... Aluminum parabolic plus 

5 mm. copper 

Half value layer . . ... 2.1 mm. copper 

Output ... 20-25 r P cr m i nu te with 

minor variations 

In seven of the eight experiments an initial dose of 2.50 to 3 50 r whole body radia- 
ion (usually 2.50 r) was given. One week later the animal received a second dose of 
oc r to 300 r (usually 100-2.50 r). Four to five days after the second exposure a 
hird dose of 100 r to 150 r was given (usually 150 r). Total dosage there- 
ore amounted to 650-800 r over an eleven to twelve day period. Animals in good 
ondition at this time but satisfactorily thrombopenic were used for cross circula- 
ion. While some animals did not survive the period of preparation, it was surpris- 
ng how many animals could be obtained in good condition at the time of opera- 
ion. In one animal, cat number 64, the radiation preparation was considerably 
lore gradual. This animal was used in the first successful experiment when radia- 
ion technic for producing chronic thrombopenia was still in the formative stage. 

Since these animals were also markedly granulocytopenic it was customary to 
dministcr penicillin in saline subcutaneously at intervals throughout the exped- 
ient. 

In all but one instance the thrombopenic animal was cross circulated with anor- 
lal cat. Cat number 2.54, however, was deliberately cross circulated with an ani- 
lal splencctomized some ten days previously. The splenectomized animal in this 


o 

‘ 7-4 

32.2 

21.5 

24.0 

4-9 
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case was employed because its high platelet count (over 900,000 per cubic milli- 
meter) made it a particularly desirable donor. 

IV. PRESENTATION OF DATA 

The data are presented in tabular and graphic form. 

Table 1 shows the base line platelet level of each animal prior to cross circulation, 
the level attained immediately after return to independent circulation, and the 
platelet levels at approximately twenty-four hour intervals for five days thereafter. 
It is of course impossible to tabulate all the platelet counts performed on each ani- 
mal. It was customary to perform at least four sets of duplicate platelet counts in 
the few hours after cross circulation. These showed some fluctuation for a few 
hours, probably incident to vascular readjustments associated with return to in- 
dependent circulation and recovery from anesthesia. The first count after cross cir- 


T mile i .—Individual and Average Platelet Counts per Cubic Mi/limeterof Radiated ', Tbroenbopene: Cats before 
and at Varying Intervals after Cross Circulation with a Normal Cat 


Cat No 

Duration of 
x-circ. 

Prior to 
x-circ. 

tst after 
x-circ. 

20-26 hrs. 
after 
x-circ. 

44-50 hrs. 
after 
x-circ. 

68-74 hrs. 
after 
x-circ. 

92-100 hrs. 
after 
x-circ. 

114-120 hrs. 
after 
x-circ. 

2-54 

i hrs. 30 min. 

5 2. , 000 

454,000 

164 , 000 

163,000 

5 8 , 000 

11,000 

9,000 

186 

3 hrs. 11 min. 

38,000 

316,000 

146,000 

187,000 

114,000 

67,000 

13,000 

64 

4 hrs. 7 min. 

5 1 , OOO 

171,000 

119,000 

103,000 

64,000 

0 

0 

0 

* 

39,000* 

150 

3 hrs. 9 min. 

13,000 

117,000 

85,000 

36,000 

6,000 

6,000 

6,000 


2. hrs. 14 min. 

2.6 , OOO 

197,000 

176,000 

119,000 

75,000 

O 

O 

O 

r«“\ 

r<> 

7,000 

156 

1 hrs. 

2.8,000 


153,000 

117,000 

41,000 

9,000 

7,000 

2.2.1 

1 hr. 47 min. 

i 5 , 000 


i6S,ooo 

119,000 

O 

O 

O 

(A'l 

19,000 

11.000 

194 

1 hrs. 55 min. 

44 , 000 


136,000 

51,000* 

19,000 

8,000 

5,000 

Total 

167 , 000 

1,059,000 

1,357,000 

895 , OOO 

439,000 

ll6,000 

108,000 

Average . 

33-375 

2 - 37,375 

169,615 

HI, 875 

54 >S 75 

17 , OOO 

13,500 


* Count made slightly outside the specified time limit. 


culation alone is given for purposes of conserving space. It is reasonably representa- 
tive. It was also customary to do at least three sets of duplicate counts every day on 
each animal until the pre-cross circulation base line had again been reached. Again, 
data are given only on that count closest to twenty-four hours or some multiple 
thereof after the time cross circulation was discontinued. The counts tabulated are 
in complete agreement with the rest of the data. 

Figure 1 shows graphically the rate of disappearance of cross circulated platelets 
in four of the eight experiments. Each point represents the average of a set of dupli- 
cate platelet counts and the fluctuations mentioned previously can be readily noted. 

These four experiments were selected for purposes of illustration since the peak 
platelet level attained varied by approximately equal intervals from around 100 , coo 
per cubic millimeter to better than 400,000 per cubic millimeter. 

Table 2. indicates the average rate of platelet utilization per cubic millimeter per 
hour computed for each animal. It is obvious, in view of some fluctuations in the 
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Fig i . Rate of Disappearance of Cross Circulated Platelets in Four of the E ght Experiments 
Each point represents the average of duplicate platelet counts made at the indicated time. 


Table z. — Individual and Average Group Kate of Platelet Utilisation 


Cat No. 

i Average Number of Platelets 

Utilized per c. mm. per hour 

*-54 

4,613 

i86 

z,6 35 

64 

1,061 

*- 5 ° 

1,659 

*- 5 *- 

1 .804 

*•56 

1.861 

2.2.2. 

2., 8l I 

■94 

1.894 

Total 

i °. 33 9 

Average for group = 

1.541 platelets util- 


ired per 


c.mm. per 


hour. 


counts soon after cross circulation and in view of an insufficient number of counts 
to determine the exact time after cross circulation that the animal returned to its 
preoperative base line, that the figures given represent an approximation. The plate- 
let level attained after cross circulation was arbitrarily designated as the first count 
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after return to independent circulation; the time of return to the base line was ar- 
bitrarily designated as the time of the first platelet count under 50,000 per cubic 
millimeter. 


V. ANALYSIS OF RESULTS 

From an examination of table 1 it is apparent that no hard and fast rule can be 
laid down regarding the rate of platelet utilization which will apply to each ani- 
mal. This is of course to be expected in the light of the fact that platelets when 
utilized are almost always destroyed. It would indeed have been surprising had it 
been possible to note a perfectly uniform rate of fall in one individual, much less 
uniform rates of disappearance in different individuals. Demands for platelets must 
of necessity vary rather widely in different animals or in the same animal at dif- 
ferent times. 

Despite lack of complete uniformity from experiment to experiment, certain 
important generalities or trends show good correlation. In every instance platelets 
disappeared from the circulation in a steadily progressive manner with signifi- 
cantly lower counts noted in each successive twenty-four hour period. In many 
instances, as in three of the four experiments graphed on figure 1, these rates of dis- 
appearance roughly paralleled each other, depending on the height of the initial 
level after cross circulation. Further, there was a general trend for animals receiving 
relatively slight elevations in platelet count to return to their preoperative base 
line faster than in those receiving marked elevation in platelet count. The chief 
exception to this is cat number 154 in which the highest platelet level of the group 
was obtained. Here, the rate of fall of the cross circulated platelets was relatively 
precipitous and the average rate of platelet utilization was about twice as great as 
the average for the rest of the group. This animal alone received platelets from a 
splenectomized donor. Whether the platelets from this donor had been altered in 
some manner as a result of splenectomy can only be a matter of speculation. 

However, the important feature of the presented data is that it took two to 
slightly more than four days for cross circulated platelets to disappear from the 
recipient. Since preliminary observations on normal cats indicated that around 17 
per cent had platelet counts between zoo, 000 and 300,000 per cubic millimeter and 
32. per cent had platelet counts between 300,000 and 400,000 per cubic millimeter, 
the counts obtained in experimental animals were within the physiologic range of 
about 50 per cent of the normals tested by identical methods. This indicates that 
under the conditions of this experiment the entire platelet mass in the cat requires 
replacement every three to five days. 

VI. DISCUSSION 

The data presented constitute the first observations on animals in which rate of 
platelet utilization has been directly measured. It is somewhat surprising that the 
results obtained are in rather close accord with estimates made indirectly fr° m 
observations on the regeneration rate of platelets after experimental thrombo- 
penia. 5 - 1 - 11 One would expect the rate of regeneration under the intense stimulus 0 
severe platelet depletion to be a poor index indeed to the normal rate of production 
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(and hence the normal rate of destruction) in the normal animal. The findings are 
also in rather close agreement with those of Duke . 2 The data obtained are not, 
however, consistent with the observations of Howell and Donahue . 6 

A turnover in the entire number of platelets in the body within a period of three 
to four days is probably a minimal estimate. That is, turnover in the completely 
normal animal may be slightly slower. The animals employed had received radia- 
tion and did have an operative incision to heal. In no case was any infection noted 
despite close check and in no animal was there apparent loss of blood from, any 
source until marked thrombopenia had recurred. However, it cannot be denied 
that there may have been some increase in demand for platelets in animals under 
these conditions. There is no evidence that such an increase in demand would be 
great if it existed at all. 

The sequence of events at the time of operation was dramatic testimonial to the 
possible role of the platelet in hemostasis. When the neck incision was made in the 
thrombopenic cat persistent oozing from traumatized vessels was a major problem. 
Hemostasis was difficult to secure and often oozing persisted to some extent despite 
all efforts. However, very shortly after cross circulation was established all oozing 
ceased spontaneously. The field at closure was invariably dry and no difficulty was 
experienced with bleeding from the wound after operation. It was only three to 
four days later when the platelet count was again very low that purpuric manifesta- 
tions recurred. These became progressively worse and were often the cause of death 
within the following few days. Of course, it is recognized that the platelet may 
• have been only one factor in producing this effect on hemostasis. Indeed, it could 
conceivably have not had any effect at all. The basis for this statement is the obser- 
' vation which has been made repeatedly by us at the time of splenectomy in idio- 
' pathic thrombopenic purpura. At the time of splenectomy abnormal oozing of 
blood frequently stops abruptly when the splenic pedicle is clamped in spite of the 
fact that the number of platelets in the blood remains unchanged. Thus, the effect 
on hemostasis in our animal could have been due to some other substance or sub- 
stances in the blood than the platelet. However, the correlation between the bleed- 
■ ing tendency and the platelet level was so close that we feel the platelet must have 
; been at least one important factor with regard to the bleeding. 

; Care has been taken to refer only to "rate of platelet utilization” rather than to 
; platelet "life span.” Since the platelet, unlike the erythrocyte, is destroyed when 
used, data on rate of disappearance of transfused platelets are a clue mainly to 
; platelet demands. They disclose nothing as to how long a platelet might survive 
without spontaneously disintegrating if there were no demands for its use. 

In the light of the experiments recorded here, the observations of Duke 2 in human 
beings deserve some further comment. If they could be substantiated, massive 
direct transfusion would certainly be of importance in tiding patients with idio- 
y pathic thrombopenic purpura over critical periods of bleeding or in preparing them 
for splenectomy. Significant improvement in hemostasis might warrant the use of 
the more inconvenient direct transfusion rather than the customary method of 
j) transfusing stored blood in which platelets are rapidly destroyed. In the experi- 
(, ments reported by Duke, neither the exact amount of blood transfused nor the 

if 
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details of the direct method employed are indicated. In one of the experiments the 
platelet level was raised approximately 12.0,000 per cubic millimeter (3,000- 
12.3,000). If the donor blood contained a normal number of platelets, one would 
have to assume that the recipient was given approximately 2.500 cc. of blood. 
Whether such large quantities of blood were given cannot be determined from his 
data. However, we have recently given a direct transfusion of 2.000 cc. within 
twenty-four hours to a severely thrombopenic patient with aplastic anemia 
(platelet count below 10,000 per cubic millimeter). The multiple syringe method 
was used and 1500 cc. of the transfused blood given within a three hour period. 
The other 500 cc. had been given about fifteen hours previously. The platelet count 
was never detectably raised and no improvement in purpuric manifestations oc- 
curred. Bleeding from the nose, present before transfusion, continued unabated 
afterwards. The failure to obtain any elevation of platelet count or improvement in 
hemostasis is unexplained. Experiments are contemplated to determine if possible 
what happens to the blood platelet during its brief sojourn outside the body during 
a direct transfusion. It should be emphasized, however, that direct transfusion 
methods currently in use are not comparable to the continuous endothelial 
anastomoses of the animal experiments. One experiment, of course, proves nothing, 
and more trials of a similar nature employing other types of direct transfusion 
apparatus will have to be made. Experiments of this type are being carried out as 
suitable patients appear in the clinic. Careful observations on a few patients should 
give a definite answer as to whether the platelet level of the human being can be 
raised significantly with a corresponding beneficial effect on hemostasis in patients 
with thrombopenia by means of direct transfusion of blood. If such should prove 
to be the case, direct rather than indirect transfusion should be used in thrombo- 
penic individuals. 


VII. SUMMARY 

1. The rate of utilization of blood platelets in radiated, thrombopenic cats has 
been measured directly. Thrombopenic animals, incapable of significant platelet 
regeneration, were cross circulated via carotid to carotid anastomoses with normal 
animals. After return to independent circulation the rate of disappearance of cross 
circulated platelets was measured by periodic counts. 

z. By this method it was possible to elevate the platelet count anywhere from 
100,000 to around 40c, 000 per cubic millimeter. The highest count obtained fol- 
lowed cross circulation with a splenectomized animal. In most instances the 
platelet level attained was within the physiologic range of that found for normal 
cats by the same method. 

3 . The cross circulated platelets gradually disappeared from the circulation over 
a two to a slightly more than four day period. Under the conditions of this experi- 
ment the entire platelet mass would have to be replaced therefore every two to 
five days. The same figures probably apply within narrow limits to the normal 
cat. 

4. The average rate of platelet utilization was approximately Z500 per cubic 
millimeter per hour. In seven of eight experiments the rate of disappearance varic 
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from about 1600 per cubic millimeter per hour to about '2.800 per cubic millimeter 
per hour. In the experiment using a splenectomized donor the rate of disappearance 
was about double the average for the rest of the group. 

5. Attention is called to possible therapeutic implications of these findings in 
idiopathic thrombopenic purpura. 
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FOLIC ACID IN THE TREATMENT OF PERNICIOUS ANEMIA 
By Leo M. Meyer, M.D. 

B EGINNING in 1941 a group of investigators demonstrated that there is present 
in liver, yeast, spinach, and grasses a substance which is necessary for the 
growth of the Lactobacillus casei and the Streptococcus faecalis R. 1-6 This sub- 
stance, which has been known as the L. casei factor, or folic acid, was isolated and 
crystallized in 1943 and synthesized two years later. 7,8 The structural formula tvas 
announced as pteroylglutamic acid in 1946. 9 During this period another group of 
investigators showed that the hematological changes (anemia and leukopenia) 
which developed in rats sustained on a synthetic diet plus various sulfonamide 
compounds could be prevented or cured if the animals received either crude or syn- 
thetic L. casei factor. 10-17 It was similarly found that the anemia, leukopenia, 
diarrhea, and oral lesions which developed in monkeys fed a vitamin M-deficient 
diet could be entirely relieved by the administration of folic acid. 18 

Experiments with folic acid produced highly suggestive results in the treatment 
of the various macrocytic anemias. In 1944 Castle and his co-workers fed purified 
casein with various accessory factors of the vitamin B group to patients with 
pernicious anemia, 19 They included folic acid among the substances tested but 
obtained no hematological or clinical responses. However, the quantity of folic 
acid used was only z.3 to 3.6 mg. daily. A series of papers by Spies and his co- 
workers reported the results of treatment with folic acid in pernicious anemia, 
nutritional macrocytic anemia, and sprue. 20-21 These authors noted clinical improve- 
ment on the 3rd to the 5th day, which preceded the reticulocyte rises. The appetite 
became increased and glossitis gradually diminished. Paresthesias were also im- 
proved but did not entirely disappear. This was the only reference made to involve- 
ment of the nervous system. The hemoglobin and erythrocyte levels did not reach 
normal and the reticulocyte responses were not as high as might have been antici- 
pated with liver therapy. Moore and his group described their experiences with 1 
cases of pernicious anemia, 1 of sprue and 1 of macrocytic anemia of pregnancy 
treated with folic acid. 25 All- of the patients improved clinically, had satisfactor) 
reticulocyte responses, and showed increases in the hemoglobin and red cells. In 
the course of the 3 to 5 weeks during which the patients were followed, completely 
normal figures were not obtained. Darby and Jones also used folic acid in the treat- 
ment of sprue with similar clinical and hematologic results. 25 - 27 One of their 
patients, however, reached a level of 5.0 million red cells. Zuelzer and Ogden 
described a megaloblastic anemia in infants and children in which a series of 8 
cases was treated with folic acid. 28 Here again normal blood levels were not 
reached during the period of time covered in the report. 

From the Department of Medicine, Kings County Hospital, Brooklyn, New York, and The 
York Hospital and the Department of Medicine, Cornell University Medical College, New liork, 
York. 

Read at the Clinical Research Meeting, New York Academy of Medicine, June 5, 1946. 
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The present investigation was undertaken to study the effect of prolonged treat- 
ment of pernicious anemia with folic acid on the blood picture and neurological 
symptoms. Another group of patients was treated with suboptimal doses of liver 
extract (§ unit) plus folic acid to determine whether this combination would 
produce a complete hematological remission and protect against or improve nerv- 
ous system disease. One patient with macrocytic anemia following extensive resec- 
tion of the small and large intestines is included since his clinical picture presented 
i sprue-like syndrome. 

Cast i. — E. W., white female, aged 80, was admitted to the Kings Count)' Hospital because of weak- 
ness and fecal and urinary incontinence of 4 months’ duration. The patient was disoriented and orthop- 
neic. Appetite was poor. On examination her tongue was bright red and smooth. Slight icterus was 
noted. A decubitus ulcer was present over the sacrum. Premature ventricular contractions were present. 
Neurological examination was unsatisfactory but knee and ankle jerks were absent. 

Laboratory data: No free HC1 was found in gastric juice after histamine. Gastrointestinal series was 
negative. The stools contained no occult blood. The Wassermann test was negative. Urine contained 
numerous clumps of white blood cells. Hb. and red cells were 8.0 Gm. and x.x million. Bone marrow con- 
rained iio.ooo nucleated cells, 77 megakaryocytes, and 6 per cent megaloblasts. Other laboratory data 
were blood sugar x86 mg./ioo cc.; icterus index 5; cephalin flocculation xplus; total protein 5.6 Gm./ioo 
:c.; hematocrit 2.1.0 per cent. The patient was placed on an oral daily dose of 50 mg. of folic acid. It was 
difficult to get the patient to swallow the tablets or any food. By the end of the first week, however, 
;he voluntarily asked for food and accepted medication peacefully. The mental status did not improve, 
nowever, and it was felt that this resulted largely from cerebral arteriosclerosis. The glossitis gradually 
improved and finally showed a complete response. Reticulocytes rose to a maximum of 7.8 per cent as 
:ompared to an anticipated rise of 14 per cent with liver extract. The hemoglobin and red blood cell 
levels increased to 12..0 Gm. and 4.35 million respectively. Tbc patient died of bronchopneumonia on 
:he 38th day, so that an extensive hematologic follow-up could not be made. 

Comment: This patient showed a submaximal reticulocytosis but a satisfactory rise in hemoglobin 
ind red blood cells. No conclusion can be reached regarding complete hematological remission since 
:he patient expired on the 38th day of treatment. However, the clinical improvement and return of 
ippetite and general well-being arc similar to those noted by other investigators. 

Cast 2. — S. B., white male, aged 56, was admitted to the Kings County Hospital because of weakness, 
jailor, and inability to walk for the past 6 months. The patient had been told he had pernicious anemia 
-I years previously but had had no therapy for the last half year. His appetite was poor. Paresthesias 
)f the hands were present. Examination revealed 2. plus edema of the legs; a tongue which was smooth 
it the tip; hyperactive knee jerks with ankle jerks absent on the left side. Position sense was intact. 
Vibratory sense was absent at ankles, knees, and iliac crests. 

Laboratory data: No free HC1 was found in the gastric juice after histamine. Gastrointestinal series 
vas negative except for some diverticula in the sigmoid. The Wassermann test was negative. Other 
lata were icterus index 11.0; cephalin flocculation 2. plus; total protein 5.9 Gm./ioo cc.; hematocrit 
1.0 per cent. The blood counts are listed in figure 1. Bone marrow contained 70,000 nucleated cells, of 
vhich 1 1. o per cent were megaloblasts. The patient was placed on a regular ward diet and given 50 mg. 

>f folic acid by mouth daily. Within 71 hours he experienced a striking increase in appetite, so that by 
he 5 th day he was eating double portions at each meal. On the 10th day the paresthesias were diminished, 
i neurological examination on the 2.5th day disclosed negative Romberg; moderately ataxic gait; normal 
losition of toes; and absent vibratory sense at ankles, knees, and crests. On the 59th day tbc dosage was 
hanged to 2.5 mg. a day. The reticulocytes reached a peak of 37.3 per cent on the Sth day, as compared 
,-ich an anticipated rise to 39 per cent with liver extract. During this period the Hb. and red cells had 
:ached a stationary level of about 11.0 to 12..0 Gm. and 4.2.5 million respectively. Several experimental 
•actions of liver were given on the 79th, 85th, 91st, and 98th days, but no distinct improvement in tbc 
lood picture was noted. At the latcer time a neurological examination disclosed a markedly positive 
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Romberg test, severe ataxia, position sense of right toe impaired, and absence of vibrator)- sense up to 
lower end of sternum. On the 109th day the patirot was started on parenteral liver extract and o.tl 
yeast therapy. When seen on the 150th day the Hb. was 14.0 Gm., R.B.C. 5.00 million. The patient was 
walking better and had fewer paresthesias of the hands. The position sense was normal in both totsiei 
the Romberg test was equivocal. 

Comment: This patient showed a satisfactory reticulocyte response but a plateau of the hemoglohn 
and red blood cell councs at somewhat less than normal values was reached. The clinical response was 
dramatic and encouraging. However, the gradual increase in severity of the neurological signs and synip 
toms became very pronounced after 3 months and the therapy was changed from oral folic acid therapy 
to che parenteral administration of liver extract. This resulted in a rise of the hemoglobin and red blood 
cells to normal levels and a distinct improvement in symproms and signs of subacute combined sclerosis. 

Cast 3. — S. M., white male, aged 69, was admitted to the Kings Count)- Hospital because of swelling 
of right side of neck with choking sensation of one year’s duration. The patient had had mild diabetes 
during the past 3 years, during which time he had lest 15 pounds. A sore tongue was noted a months 
before admission, together with mild anorexia and paresthesias of the left hand. On physical examini 



Fig. 1. Cast 2. The effects in pernicious anemia on hemoglobin, red cell counts, and reticulocytes fol- 
lowing the administration of folic acid 50 mg, orally daily. There is a striking and abrupt reticulocytosis 
and a sustained but rather slow rise in red cell count. The red count reaches normal figures after l' v - r 
extract injections are given. 


tion a mass 10 by 6 cm. in diameter was noted above the right clavicle. Tbe tongue was not smooth. 
No signs of thyroid toxicity were present. The prostate gland was moderately enlarged. Vibrato.) 
sense was absent at the ankles and diminished at the knees. 

Laboratory data: No free HC1 was present in the gastric juice after histamine. Stools were negaus- 
for blood. Gastrointestinal series disclosed no ulceration or neoplasm. The trachea was shifted to de- 
left. Hypertrophic arthritis of the 1st and end lumbar vertebrae and of the left hip joint was <ou. ■ 

Other data were icterus index 24; cephalin flocculation 1 plus; blood sugar 174 mg.; creatinine t-o "?•’ 

showed 


urea qx mg.; cholesterol 119 mg.; total protein 5.S Gm.; Wassermann negative. Sternal puncture 


a megaloblastic bone marrow. Blood counts are listed in figure 3. The patient was placed on a regu 1* 
ward diet and given 10 mg. of folic acid intramuscularly, daily. Within 5 days a noticeable c ® 
improvement was evident. Appetite increased and a pink color appeared in the patient s cheeks an 
On the rqth day he reported fewer paresthesias of his hands. Twenty-six days after therapy "as b-g- 
the patient noted slight vibratory sensation at the left ankle. The blood picture and rcticulo.) tA '- 
crcased as indicated in figure x. The peak rectculocyte count was 17.1 per cent as compared with an an 
pated height of 22. per cent with lives extract. However, the Hb. and erythrocytes reached a P iCcrJ ^ 
12.0 Gm. and x.x to j.x million, and on the S)th day the patient began to complain of oaresr A 11S 
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his hands. In the meantime Feosol (6 tablets per day) had been started on the 7ind day, and the Hb. 
and red mils rose to a height of 13.7 Gm. and 6.0 million respectively. Despite this hematological im- 
provement, on the 98th day the patient complained of increasing paresthesias of the hands and feet. 
The vibrator)' sense was now lost in the right lower extremity up to and including the iliac crest and was 
greatly diminished on the left. No other neurological findings were present. At this time it was decided 
to start liver extract therapy (30 units twice weekly) and folic acid was discontinued. This resulted in a 
rise of Hb. and red cells so that on the 147th day they reached 15.0 Gm. and 6.3 million respectively. 
The paresthesias of the feet disappeared, the hands improved, and on the last date indicated the vibratory 
sense was normally present in both lower extremities. 

Comment: This patient presents a somewhat similar picture to Case a. The reticulocyte peak was 
slightly under the anticipated level and the hemoglobin and red blood cells reached a plateau below the 
desirable figures. The administration of oral iron therapy in addition to the intramuscular folic acid 
resulted in a satisfactory hematological remission but the downward progression of neurological signs 
and symptoms continued. When folic acid was discontinued and intramuscular injections of liver extract 



days 


Fig. z. Case }. The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol 
lowing the administration of folic acid 10 mg, daily intramuscularly. There is a sustained reticulocytosis 
followed by a relatively slow increase in red cell counc. The hemoglobin level was appreciably improved 
by the administration of ferrous sulfate orally. 

were substituted nervous system changes gradually disappeared and the patient was almost entirely free 
of symptoms. The blood picture continued well above normal levels. 

Case 4. — W. M., adult white male, aged 61 years, was admitted to the New York Hospital because 
of weakness and dizziness of 6 months' duration. Associated symptoms were a sore tongue, dyspnea on 
exertion, and palpitation of the heart. There was also numbness and tingling of the feet with cramps 
in the leg muscles. On examination the liver was felc 1 cm. below the costal margin; the tip of the spleen 
was barely felt. The positive neurological findings were hyperactive ankle and knee jerks; right ankle 
clonus; diminished vibratory sensation in both lower extremities, more so on the left. 

Laboratory data No free HC 1 present in gastric juice after histamine; stools negative for occult blood; 
Mazzini test negative; gastrointestinal series and barium enema normal; urea nitrogen L3.0 mg.; total 
protein 7.9 Gm.; icterus index S; calcium 9.3 ing.; lumbar puncture negative. The bone marrow was 
megaloblastic. Initial blood count was Hb. 6.0 Gm., red cells 1.9 million. The patient was given a regular 
ward diet plus 15 mg. of folic acid daily, by mouth. There was a rapid diminution in the patient's com- 
plaints with an improvement in his general well-being. After 51 days of treatment the only positive 
neurological signs were diminution of the vibratory sense at both ankles and knees with absence of 
knee jerks. The patient still complained of feeling tired. The maximal reticulocyte count was iz.5 per 
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cent on the 6th day, as compared with an anticipated rise to zo per cent with liver extract. When seen 
on the 1x9th day of treatment the blood count showed a level at about iz.5 to 13.0 Gm. of hemoglobin 
and 4.0 to 4.3 million red cells. The patient, at this time, complained of severe ringing in the ears and 
of being dizzy, tired, and weak for the past 3 weeks. Neurological examination on this dav disclosed 
complete absence of vibrators - sense at the ankles but present at the knees. The knee jerks were extreme!; - 
hyperactive. 

Comment: The patient showed a relatively poor reticulocyte response to oral folic add with a satis- 
factory clinical improvement. The hemoglobin and red blood cells remained below the normal levels 
up to 1Z9 days of treatment, and a gradual increase in signs and symptoms of nervous system disease 
developed. The patient has been placed on intramuscular liver extract therapy but sufficient time has 
not elapsed to evaluate the efficacy of this change in treatment. 

Cast j. — J. W., adult white male, aged 5S years, was admitted to the New York Hospital because of 
progressive weakness of 4 years' duration. For the first 3 years of his illness the patient had received live: 
therapy, to which he had reponded well. The positive physical findings were the presence of a recent 
hemorrhage into the right fundus associated with tortuous retinal vessels. The liver edge was felt 4 cm. 
below the right costal margin and the spleen 3 cm. below the left costal margin. The only neurological 
finding was a slight hyperreflexia. 

Laboratory data: Mazzini test negative; urea nitrogen 35 mg.; total serum protein 7.3 Gm.; icterus 
index it; stools negative for blood; free HC 1 absent in gastric juice after histamine; hypotonic saline 
test for erythrocyrc fragility normal; gastrointestinal scries and barium enema were negative. Bone 
marrow aspiration disclosed 5 per cent megaloblasts and Z9 per cent erythroblasts. Hb. and red cells were 
3-S Gm. and i.S million, respectively. The patient was given a regular ward diet and 50 mg. of folic acid 
daily, orally. There was gradual improvement with disappearance of the weakness and fatigue. The 
peak rcticulocvtosis was 16.6 per cent on the 10th day, as compared with an anticipated rise to 40 per 
cent with liver extract. After xz days of folic add therapy a bone marrow aspiration showed 1 per cent 
megaloblasts and 3 per cent erythroblasts. The reticulocytes fell to the pretreatment level on the zfth 
day and the following day the folic acid was discontinued and liver extract, 15 units intramuscularly 
daily, was begun. The blood picture continued to improve and 5 months after the beginning of folic add 
therapy, and 4 months after liver therapy, the hemoglobin and red cells were 13.9 Gm. and 5.5 million 
respectively. 

Comment: This patient showed clinical and hematologic improvement on oral folic add therapy. 
The redculocyte response, however, was below that which would have been obtained with liver therapy. 
An attempt to produce a secondary response with liver extract after the reticulocytes returned to pre- 
treatment levels was unsuccessful. It is significant that folic 3cid resulted in changes in the bone marrow 
from a megaloblastic to a normoblastic type of crythropoicsis similar to that observed with liver extract. 

Cast 6 . — T. F., adult white female, aged 60, was admitted to the New York Hospital because of weak- 
ness and fatigue of 15 months' duration. At the onset of her illness the parient noticed soreness and 
burning of her tongue, mouth, and throat, and an associated tingling sensation in the fingers and tecs, 
with loss of taste and smell. Recently the patient complained of dyspnea and palpitation on exertion 
and a weight loss of 15 pounds. Physical examination showed the tongue smooth at the edges and tbe 
spleen palpable z cm. below the costal margin. The neurological status was entirely negative. 

Laboratory data: Mazzini test negative; no free HCI in gastric juice after histamine; stools negative 
for blood; gastrointestinal series normal; urea nitrogen 19 mg.; protein 6.3 Gm.; serum bilirubin 1.1 
mg.; hematocrit 13 per cent. Hb. and red cells were 4.S Gm. and 1.5 million. Bone marrow aspiration 
showed 5 per cent megaloblasts and zo per cent macro-crvthroblasts. The patient was placed on a regular 
ward diet and given 15 mg. of folic acid, orally. On this regimen there was a distinct improvement in th: 
patient's clinical condition. On the if th day of treatment tasre sensation returned and the tingling sensa- 
tions in the extremities disappeared. The reticulocytes rose to a peak of 14.4 per cent on the 5th day 
as compared with an anticipated level of 31 per cent with liver. On tbe zotb day the folic acid was dis- 
continued and parenteral liver therapy (15 units daily) was instituted. This produced no secondary 
rcticulocvtosis and the Hb. and red cells continued to rise slowly. 
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Comment: This patient presents a similar picture to patient 5. The patient responded well to smaller 
doses of folic acid orally with improvement clinically and hematologically. However, the reticulocyte 
response was less than half of what might have been anticipated with liver extract. With the institution 
of parenteral liver extract therapy no secondary reticulocyrosis occurred. 

Cast 7. — B. K., adult white male, aged 47, was admitted to the Kings County Hospital because of 
weakness of 1 \ years’ duration. Occasional dizzy spells were present. No gastrointestinal or neurological 
symptoms were elicited. Physical examination including a study of the nervous system was entirely 
negative. 

Laboratory data: No free HC 1 was present in the gastric juice after histamine. No blood was found 
in the stools. Gastrointestinal series was negative. Other data were icterus index zz; urea Z9 mg.; cephalin 
flocculation 1 plus; Wassermann test negative. Bone marrow was megaloblastic. Hb. and red cells were 
9 Gm. and z.6 million, respectively. The patient was given a regular ward diet and treated with 10 
mg. of folic acid and 5 unit of liver extract intramuscularly, daily. On this regimen rapid clinical im- 
provement became apparent. The appetite returned to normal in z days and the patient began to gain 
some weight. His color improved and the blood counts rose as indicated. On the 41st day of treatment 
the Hb. and red cells were at normal levels and these continued to rise and have remained between 15.0 
to 16.0 Gm. and 5.0 to 6.0 million respectively. The reticulocytes reached a peak of Z5.0 per cent on the 
nth day as compared to an anticipated rise of 11 per cent with liver extract. On the 80th day of treat- 
ment the patient was placed on 30 mg. of folic acid twice weekly, intramuscularly. No change was noted 
in the blood picture, and on the iizth day the dosage was changed to 15 mg. biweekly. During the entire 
period and up to the 119th day of observation, the patient at no time showed any evidence of nervous 
system involvement. 

Commenc: This patient was given the combination of suboptimal doses of liver extract with folic 
acid, and as reported, the clinical response matched that noted when folic acid alone was administered. 
More significant, however, were the reticulocytes, which doubled the anticipated response, and the 
Hb. and red cells, which reached normal figures in 41 days. It would appear that the addition of folic 
acid to liver extract produces a greater reticulocytosis with a normal blood count sooner than when 
only liver extract is used. 

Case S. — M. L., white male, aged 87, was admitted to the Kings County Hospital because of weakness 
and poor appetite of 1 year's duration. For the 3 months prior to admission epigastric distress had been 
noted. There were no other symptoms referable to the gastrointestinal or neurological systems. On 
physical examination the positive findings were: tongue smooth at the edges; liver palpable z cm. below 
the costal margin; enlarged prostate and external hemorrhoids. 

Laboratory data: Urine contained numerous pus cells; no free HC 1 in gasrric contencs afrer histamine; 
stools contained blood (small hemorrhoids present); gastrointestinal series negative except for diverticula 
in the descending colon; icterus index 5; blood sugar 98 mg.; N.P.N. 35 mg.; cephalin flocculation 3 
plus; total protein 7.3 Gm. The bone marrow was megaloblastic. Hb. and red cells were 5.9 Gm. and 
1.7 million. The patient was placed on the regular ward diet and given 5 mg. of folic acid and \ unit 
of liver extract, intramuscularly, daily. Clinical improvement in the patient's condition was noted 
after 5 days, followed by a slow but distinct recover)-. There was gradual appearance of color in the 
checks and lips with a return of appetite and normal bowel habits. He was able to get out of bed on 
the 14th day and, in spite of his age, reported that he felt well. The reticulocytes rose to 16.4 per cent 
on the 7th day, as compared with an anticipated rise to z6 per cent with liver extract. Although the 
peak was not as high as anticipated there was a plateau between 10 per cent and 16 per cent for 6 days. 
The hemoglobin and red cells rose slowly and reached a stationary level of about iz.o Gm. and 4.2. 
million respectively on the 54th day. No evidence of progression of neurological signs appeared but 
the urine still contained large numbers of pus cells. 

Comment: This patient represented a severe test of efficacy of this treatment, because of his age, 
arteriosclerosis, enlarged prostate, cystitis, hemorrhoids, and diverticula. While the reticulocytes did 
not rise to the desired peak it was felt that the elevated plateau of 10 per cent to 16 per cent for 6 days 
compared favorably with the more usual quick rise and fall. The stationary level of Hb. and red cells 
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below normal figures was probably due to the above-mentioned complications which are known to 
prevent complete hematological remission even with intensive liver therapy. 

Cast p. — A. P., white female, aged 49 years, was admitted to the Kings County Hospital because 0! 
weakness of 4 years' duration. No history of glossitis was obtained. The only gastrointestinal svmptom 
was an occasional loose tarry stool. The patient was not mentally clear, often contradicting herself, 
and gave a disconnected story. The only positive physical findings were smoothness of the tongue at 
the edges and a diminution of position sense in the left big toe. 

Laboratory data: Cephalin flocculation 1 plus; icterus index 10; urea 41 mg.; sugar 106 mg.; blooJ 
Wassermann negative; cholesterol 110 mg.; no free HC 1 in gastric juice after histamine; stools negative 
for blood. X-ray studies of chest and gastrointestinal tract were negative. Bone marrow puncture was 
refused by the patient. Blood studies are listed in figure 3. The patient was placed on the regular ward 
diet and treated with 10 mg. of folic acid and 1 unit of liver extract, intramuscularly, daily. Clinica 
response with a remarkable improvement in the patient's well-being was apparent within 71 hours 



Fig. 3. Case p. The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol- 
lowing the administration of folic acid 10 mg. orally daily combined with liver extract ‘ unit intra- 
muscularly daily. Note the sharp and marked increase in reticulocytes which is followed by an unusually 
satisfactory red cell increase. 

The return in appetite was exceptional, and she complained constantly of not getting enough to cat. 
On the list day there was a change of personality in the patient and her stream of thought improved. 
Except for a tendency to frequent upper respiratory infections the convalescence was uneventful. The 
peak reticulocvtosis was 40.5 per cent on the 7th day as compared with an anticipated rise to 44 per cent 
with liver extract. The Hb. and R.B.C. rose rapidly and reached normal levels on the 66th day. At this 
time the patient felt entirely well. The tongue was normal and no neurological signs or symptoms "'ere 
present after 117 days of treatment. 

Comment: This patient showed the complete efficacy of treatment using combinations of small doses 
of liver extract and folic acid. The clinical response was excellent; the reticulocyte response satisfactory, 
and the hematological remission complete. In addition, the minimal signs of glossitis and nervous 
system involvement were entirely relieved. 

Case so.- — C. F., white female, aged 60, was admitted to the Kings County Hospital because of a buy- 
ing sensation in her throat and abdomen of 1 year’s duration. The patient complained of mild anorexia. 
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weakness, "indigestion,” and constipation. She had lost zo to 30 pounds in the 6 months prior to ad- 
mission to the hospital. Physical examination showed slight icterus and her liver was felt z cm. below 
the right costal border. Positive neurological signs were an equivocal Romberg and slight impairment 
of vibratory sense at both ankles. 

Laboratory data: Total protein 6.6 Gm.; total cholesterol 155 mg.; blood sugar 8z mg.; urea 44 mg.; 
cephalin flocculation 4 plus; icterus index zo; stools negative for occult blood. Gastric analysis showed 
absence of free HC 1 after histamine. X-ray studies of gastrointestinal tract were negative. The bone 
marrow was megaloblastic. Blood counts are presented in figure 4. The patient was placed on a regular 
ward diet and treated with 5 mg. of folic acid and unit of liver extract, intramuscularly, daily. A sub- 
jective clinical improvement was apparent in 48 hours. Her appetite increased and a pink color appeared 
in her lips and cheeks. The patient complained less of the burning taste in her mouth, throat, and ab- 
domen. The “indigestion" and weakness disappeared. On this regimen the reticulocyte peak W2S41.3 per 
cent on the 9th day, as compared with an anticipated rise to Z5 per cent with liver extract. The Hb. 



Fig. 4. Cast 10. The effects in pernicious anemia on hemoglobin, red cell count, and reticulocytes fol- 
lowing the administration of folic acid 5 mg. orally daily combined with liver extract unit intra- 
muscularly daily. Note the abrupt and striking response in reticulocytes followed by an unusually marked 
red cell increase. 

and red cells reached a normal level of 13.0 Gm. and 5.3 million on the 65th day and have not fallen 
since. The neurological status was entirely negative 100 days after treatment was started. 

Comment: This patient also showed an excellent response to treatment with folic acid combined with 
small doses of liver extract. The clinical response was completely satisfactory and the reticulocytes rose 
to almost twice the anticipated figures; the hematological remission was complete. The minimal neuro- 
logical signs and symptoms were entirely dissipated and the gastrointestinal complaints were reduced. 

Cast 11.— J. A., white female, aged 30, was admitted to the Kings County Hospital because of progres- 
sive weakness, and numbness and spasticity of the legs of 3 months' duration. The patient was unable 
to walk alone or to control her bowels and bladder. She had had amenorrhea for 4 months and had lost 
5 pounds in the last 4 weeks. A history of a severe sore red tongue 1 year previously was elicited. Physical 
examination disclosed no atrophy of the lingual papillae. Vibratory sense was absent in both lower 
extremities and up to the level of the 5th lumbar vertebra. Position sense in lower extremities was gone. 
Knee and ankle |crks and biceps reflexes were hyperactive. Gait was ataxic and bilateral clonus and a 
positive Babinski response were present. 
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Laboratory data: Urea 35 mg.; blood sugar SS mg.; icterus index ia; blood and spinal fluid Wasser- 
mann negative; no blood found in stools. No free HC 1 was present in the gastric juice after histamine. 
Gastrointestinal series was negative. The bone marrow was megaloblastic. Hb. and red cells were 3.0 
Gm. and 1.9 million. The patient was placed on a regular ward diet and injected with 10 mg. of folic arid 
and | unit of liver extract, intramuscularly, daily. A dramatic improvement followed. In 4S hours ha- ap- 
petite was improved. Three days later the patient felt “rested” in her legs and the "tightness" was gone. 
Within 5 days her appetite was so ravenous that she ate a double trayful of food at each meal. Sensation 
of “shocks" in her legs disappeared on the 7th day. Thirteen days after the beginning of treatment the 
patient menstruated for the first time in 4 months. She began to walk, holding on to the bed or chairs, 
on the 17th day. Control of bowels and bladder was regained on the land day. On the 15th day her legs 
felt stronger and a neurological examination on the 33rd day disclosed no changes-in the organic reflexes 
as compared to those on admission. The patient continued to improve clinically but the difficulty in 
walking remained. The peak reticulocytosis was 15 per cent on the 13th da}-. However, the patient hid 
a prolonged elevation of reticulocytes from the 7th to the list day. The anticipated reticulocyte avenge 
with liver extract would have been S per cent. The maximal blood counts reached were Hb. ix.6 Gm. 
and 4.75 million red cells. On the 57th day the patient was started on 30 units of liver extract, intra- 
muscularly, three times a week, plus vitamin B complex and brewer's yeast. On the 9Sth day the Hb. 
reached 11.9 Gm. and the R.B.C. 4.7 million. The objective neurological signs were unchanged. 

Comment: This patient represented the most dramatic case in the group studied. The clinical im- 
provement with relief of neurological symptoms was so dramatic that it was felt justifiable to conduce 
this form of therapy to evaluate its efficacy. As described, all of her complaints referable to gastro- 
intestinal, neurological, endocrine, and urological systems were relieved to an unexpected degree. The 
reticulocyte response was triple that anticipated with liver extract and hematological remission was 
almost complete. It was felt, however, because of the severity of the nervous system involvement and 
the youth of the patient, that more intensive antineuritic therapy was warranted and so folic arid was 
discontinued and liver, vitamin B complex, and brewer's yeast substituted. After 40 additional days cf 
this therapy the Hb. and red cells were still at the same levels. Neurological examination was essendilly 
the same. 

Gist a. — A. L., white male, developed nausea, vomiting, diarrhea, and weight loss at the age of if 
in 1916. A macrocytic anemia was found. The diagnosis at the time was ulcerative colitis. The patient 
was given oral liver therapy and clinical and hematological improvement followed. Two years later 
he developed a tuberculous pleural effusion and was treated at a sanatorium. Following this he suffered 
numerous attacks of diarrhea, anemia, and weight loss which responded moderately well to diet. In 
1939, at the age of 1.9, he showed signs of intestinal obstruction. The terminal ileum and ascending colon 
were resected for regional ileitis. The following y-car macrocvtic anemia was discovered and he was 
successfully treated with intramuscular injections of liver extract at the New York Hospital. After 6 
months of therapy be stopped treatment for 4 months. When he returned to the clinic he developed 
severe urticaria after each injection of liver extract. Various products, including larobliver extract, wee: 
tried, but he reacted violently with urticaria and occasionally with vasomotor collapse. Oral therapy 
with ventriculin and yeast was of no avail. He was maintained during the following 4 years with frequent 
transfusions but these had to be discontinued because of unfavorable reactions. In November 1945 tht 
patient's blood count showed hemoglobin 5.S Gm. and red cells 1.3 million. Folic acid 50 mg. daily, 
orally, was begun. The patient had a remarkable improvement in his general well-being and gained 15 
pounds in z months. Three months later the dosage was cut to 2.5 mg. a day and the blood picture his 
remained satisfactory at 13.0 Gm. of hemoglobin and 4.5 million red cells. The stools are soft and bo-.ro 
movements occur two or three times a day. The patient has returned to work and appears well. At no 
time has he had any evidence of abnormal neurological signs or svmptoms. 

Comment: This patient presented a sprue-like syndrome which preceded and followed resection 0. u- 
small and large intestines. Because of sensitivity to liver extract and transfusion reactions be was co- 
pletely invalided and no form of therapy was available. The clinical and hematological responses tofr— 
acid resolved this problem and he has been able to perform his work and maintain good health. A revt.- 
of the literature shows no similar case treated with folic acid. None of the sprue patients repo-ted , 
previous investigators attained normal Hb. and red cell levels. 
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DISCUSSION 

Cases z, 3, and 4 may be included in one group because they all presented a single 
significant feature; namely, a stationary level of the hemoglobin and erythrocytes 
at a subnormal level, and the progression of signs of subacute combined sclerosis 
under the continuous administration of folic acid in doses of Z5 to 50 mg., daily, 
by mouth, or zo mg., daily, intramuscularly. The reticulocyte response in patient 
z was excellent, that in patient 3 quite satisfactory, and that in case 4 submaximal. 
The initial improvement in appetite and well-being was not maintained when the 
patients were treated with folic acid alone for periods up to 100 days. It is signifi- 
cant that patient 3 showed a rise in hemoglobin and red cells to normal levels with 
iron but developed further evidence of neurologic involvement. That folic acid is 
probably not the antineuritic factor and that some other substance is necessary for 
complete clinical and neurological remission is indicated by the hematological 
and constitutional improvement in cases z and 3 when placed on a parenteral liver 
extract in addition to the folic acid. Patients 5 and 6 were placed on folic acid (15 
and 50 mg.) daily, orally, and showed reticulocyte responses which were far below 
those which one would expect with liver extract. Clinical improvement took 
place, however, and increases in hemoglobin and red cells occurred. When the 
reticulocytes fell to the pretreatment level the patients were started on intensive 
liver therapy. Neither patient showed a further reticulocyte rise. Of particular 
interest in patient 5 was the marked reduction in megaloblasts in the bone marrow 
iz days after folic acid therapy was begun. Cases 7 to 11 inclusive represent a group 
of patients placed on a regimen of varying amounts of folic acid (5 to 10 mg.) plus 
5 unit of liver extract, intramuscularly, daily. Patients 7 and 8 showed no neuro- 
logical signs or symptoms at the beginning of therapy and after 54 to 119 days 
there was no evidence of nervous system involvement. The reticulocyte response in 
patient 7 was more than double that anticipated with liver extract alone, and the 
red cell count became normal in 41 days. Patient 8 represented a severe test of the 
combination of drugs because of the advanced arteriosclerosis, pyuria, hemor- 
rhoids, and diverticula of the colon. The reticulocyte peak was below that of a 
desirable response but there was a sustained rise for 6 days. The blood picture sug- 
gested a plateau response of the hemoglobin and red cells. The patient has recently 
been placed on large doses of liver extract (30 units twice weekly) intramuscularly. 
Patients 9 and 10 were admitted with mild neurological signs and symptoms which 
were completely relieved on the combination of 5 or 10 mg. of folic acid plus -I- unit 
of liver extract, intramuscularly, daily. The reticulocytes rose to well above 
anticipated levels and blood pictures showed complete remissions. Patients 7,9, 
and 10 are now being maintained with biweekly injections of 15 mg. of folic acid. 
It is too soon to determine what constitutional or hematological changes have 
taken place. Patient 11 presented a sustained, rather marked reticulocytosis 
on the combination of 10 mg. of folic acid and I unit of liver extract, intra- 
muscularly, daily. There was a dramatic improvement in the neurological symp- 
toms and signs. 

Patient iz fell into the class of a sprue-like syndrome. The rapid clinical and 
hematologic improvement far surpassed that which is ordinarily noted in perni- 
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cious anemia, and represented the first patient reported in this group to attain and 
maintain normal blood levels. 

Spies 24 has suggested that an dnzyme present in the normal gastrointestinal 
tract and lacking in patients having pernicious anemia is necessary to liberate folic 
acid from the conjugated form in which it is presumably ingested in the food. 
Another explanation is based on the observation that rats fed a synthetic diet plus 
various sulfonamide drugs developed anemia and leukopenia and a simultaneous 
inhibition in the growth of the coliform bacilli. 28 The cecal contents of such rats 
contained less folic acid chan those of normal rats. 29 It was suggested that these 
bacteria are concerned in the liberation of free folic acid from its conjugated form. 
The enzymatic activity of bone marrow in normal persons and in subjects with 
pernicious anemia in relation to folic acid is at present being investigated by Heinlc 
and his co-workers. 30 It is beyond the scope of the present paper, which deals 
entirely with clinical reactions, to discuss these highly interesting but as yet 
controversial matters. 


SUMMARY 

i. Folic acid in daily doses of 15 to 50 mg., orally, or zo mg. intramuscularly, 
usually produced a submaximal reticulocytosis in patients with pernicious anemia. 

z. In 3 patients the hemoglobin and red cells rose to a level of about iz.o Gm. 
and 4.3 million respectively without further rise after 3 months of therapy. 

3 . Folic acid in the above doses failed to prevent the development or progression 
of neurological symptoms indicative of subacute combined sclerosis. 

4. In 5 patients folic acid in doses of 5 or 10 mg. orally daily combined with 
4 unit of liver extract injected intramuscularly daily produced a reticulocytosis 
greater than that anticipated from adequate liver extract therapy alone. 

5. With combined liver extract and folic acid therapy there was evidence of 
improvement in the symiptoms and signs of subacute combined sclerosis in 3 
patients. 

6. Folic acid, combined with 4 unit of liver extract, was found to produce a 
complete hematological remission. 

7. Folic acid, alone or in combination with small doses of liver extract, produced 
an improvement in appetite and general well-being in patients with pernicious 
anemia. 

8. The possible enhancing effect of liver extract when combined with folic acid 
cannot be due to the folic acid content of the former since 1 unit of liver extract 
contains only 0.38 micrograms of folic acid. 31 

9. Folic acid administered to a patient with macrocytic anemia due to fault) 
postoperative intestinal digestion and absorption, produced a complete remission 
in the blood picture and a marked improvement in signs and symptoms. 
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ON HOOKWORM ANEMIA 

(Aplastic Anemia in Hookworm Disease) 

By Eugene Stransky, M.D., and Florencio N. Quintos, M.D. 

H OOKWORM anemia has been known since the construction of the Gotthard 
tunnel in Switzerland in the years 1876-80. Perroncito 1 observed that many 
Italian workers developed a severe and at times fatal anemia, with hookworm in- 
festation. In the following decades hookworm anemia was called miner’s anemia 
because of its occurrence in deep humid mines. Boycott 2 described cases of hook- 
worm anemia in a coal mine in Cornwall, England, in 1901. Later hookworm 
anemia was observed in ocher European countries, in America, and in tropical 
countries, where suitable conditions for hookworm infestation exist. 

The etiology of hookworm anemia is well discussed in the papers of Rhoads, 
Castle, Payne, and Lawson, 3 Payne and Payne, 4 and Andrews. 5 The anemia is due 
largely to iron deficiency. Napier, Das Gupta, and Mayinuda 5 in British India in- 
dicated that, in the absence of dietary deficiency, even a heavy infestation did not 
produce anemia. Pena- Chavarria and Rotter, 7 in Costa Rica, observed severe anemia 
in the districts where meat was too expensive for the poor people, while in the dis- 
tricts where meat was plentiful even for the poor, severe anemia did not occur. 
Brown and Otto 8 found that in the majority of cases in childhood the infested 
children were "perhaps on the threshold of anemia” and might simply show reticu- 
locytosis. 

Hare 9 in India states: "Poverty and ankylostoma are very faithful bedfellows, 
for poverty implies primitive living conditions which are just ideal for the spread 
of the parasites. It is possible that the chronic loss of blood caused by 
ankylostomiasis may just turn the scale against a marrow, which is fighting hard 
to make bricks with insufficient straw.” Johnston and Adams 10 reported 6 cases of 
severe anemia due to hookworm infestation in pregnancy. It is probable that in 
these cases the increased demand for iron in pregnancy, together with the constant 
loss of iron due to the blood-sucking worm, disturbed the equilibrium maintained 
between blood formation and destruction before pregnancy despite the hookworm 
infestation. McKenzie 11 emphasized the frequency of vitamin B! deficiency in hook- 
worm disease. Hoff and Shaby 12 reported on polyneuritis in hookworm disease. 
The well-known fact that children, suffering for a long time from hookworm dis- 
ease, show retardation of physical and mental development, is in favor of the sup- 
position that hookworm infestation may lead to deficiency of resorption of different 
food constituents. 

Ankylostomiasis is widespread in the Philippines. Therefore knowledge of the 
end results of hookworm infestation and their prevention is of great interest, es- 
pecially as regards the public health. 

From the Department of Pediatrics, College of Medicine, University of the Philippines, and the 
Philippine General Hospital, Manila, Philippine Islands. 
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Our cases were observed in the medical and pediatric wards of the Philippine 
General Hospital in Manila. Most of the cases came from the provinces surrounding 
Manila. 

We observed three types or stages of blood changes in hookworm disease. In the 
first type the bone marrow is able to maintain the equilibrium between blood loss 
and production, and there is no manifest anemia. We call this the stage of “com- 
pensated anemia.” In the second type the production is unable to counterbalance 
the blood loss, and a hypochromic anemia results. In the third type the bone mar- 
row is exhausted, and aplastic anemia develops. 

The First Type, or “ Compensated Anemia ." — We observed a few cases hospitalized 
for reasons other than anemia, which were discovered to be infested with hook- 
worms on routine examination of the stools. The findings in the peripheral blood 
were eosinophilia and reticulocytosis without anemia. The bone marrow findings 
were characterized by increased erythropoietic activity and likewise eosinophilia. 
Despite a continuous loss of blood, an increased production in the bone marrowwas 
sufficient to maintain the equilibrium between blood formation and blood loss. Of 
course it would be of great interest to know the exact data of infestation and its 
duration. It is well known that this early stage of hookworm disease may not 
develop into real anemia if food and living conditions are adequate. Lowe and 
Lancaster 13 in Australia recorded 386 cases of hookworm infestation without find- 
ing one in which anemia was present. 

We studied 33 cases of severe anemia in hookworm disease, X4 of which were 
males and 9 females. Although the number is very small, the difference in the sex 
distribution is striking. There were 18 adults, of whom 13 were males and 5 fe- 
males. There were 15 children, of whom 11 were males and 4 females. The youngest 
patient was a female of 4 years, the oldest a male of 60 years. Of these 33 cases, 15 
belonged in the second stage and 8 in the aplastic anemia stage. 

The Second Type . — This is characterized by anemia, microcytosis, hypochromia, 
eosinophilia, and reticulocytosis in the peripheral blood; and eosinophilia and 
marked erythropoietic activity of the bone marrow. There is more marked erythro- 
poietic activity than in the first type. According to a recent paper of Fenton 11 
in West Virginia, hookworm anemia is hypochromic and microcytic, with a red 
cell count of i.c to 3.5 millions per cu. mm. In advanced cases the red cell count may 
drop to below 1 million. There is usually an eosinophilia of 5 to 15 percent, al- 
though in more advanced cases eosinophilia may no longer be present. In some cases 
there may be a hypoplastic tendency of the bone marrow, but the condition is still 
reversible and the patient recovers. 

We present the following cases to illustrate the second type. 

Case 1. A 36 year old male laborer came with symptoms of weakness, chest oppression, headache, 
and pallor. The disease started a }4 years before, admission wi th bloody diarrhea, tenesmus, and weak- 
ness. 

Laboratory findings: 

£1) Feces examination revealed hookworm eggs 4 — | — h, rrichuris eggs-) — (-. 

00 Blood: 

Hemoglobin 6.0 and 6. 7 Gm. 

Red cell count x-7 and 3.6 millions 
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White cell count 9,000 and 11,400 

Reticulocytes 9-3% 

Platelets 300,000 

Differential count P— 37%, B— 3%, E— 36% 

L-zo%, Mo-4%* 

(3) Bone marrow: 

Total count — 161,000; Blast cells — 4%, Prom — 13.1%, Myel — 11.0%, Y— 19.1%, B — 
13.1%, Mature forms — 3.1%, L — 3.1%, E — 11.1% in all stages of development. Mitotic 
cells — 0.4%, ratio of nucleated red cells to white cells = i.in.o 

After^administration of reduced iron and anthelminthic treatment, the patient improved so much 
that after a stay of 16 days in the hospital, the anemia was relieved, and he was sent home recovered. 

This case demonstrates a moderately severe anemia with marked eosinophilia in 
the peripheral blood and a high cell count with eosinophilia in the bone marrow. 
The evidences for a good erythropoietic activity of the bone marrow are the high 
percentage of reticulocytes in the peripheral blood and the very high ratio of 
nucleated red cells to white cells in the bone marrow. This is the clinical pattern of 
most of the cases of the second type. 

Case 2. A 10 year old boy was admitted with symptoms of rapid, shallow respiration, abdominal 
pain with nausea and vomiting of blackish, sour, mucoid material. The disease started 10 months before 
admission with pallor, easy fatigability, and vertigo. The child was poorly nourished and poorly de- 
veloped. The heart was markedly enlarged. There was a loud systolic murmur over the precordium. 
The skin was very pale with a subicteric tinge. There were no hemorrhages. 

Laboratory findings: 

(1) Feces were positive for ankylostoma ova. 

(z) Blood: 

Hemoglobin z.z Gm. 


Red cell count. . . . 
White cell count. . . 
Differential count. . 


.0.68 million 
. 10,700 and 15, zoo 

p ~ 7 8 %, B— 4.4%, L — 15. z%, Mo— 
z%, E— o 

Reticulocytes... 9-8% 

Nucleated red cells. . . . ... 3. z per 100 white cells 

Icterus index. . 

Bilirubin (serum) 0.5 mg. per 100 cc. 

(3) Bone marrow: 

Total cell count — 34,000 cells per cmm. Blast cells — z.S%, Prom — 8.0%, Myel — 
17.0%, Y — x6.8%, B— 15.0%, Mature forms— 15.5%, L — 7.0%, Mo— 0.7%. E — 6.5%, 
Mitotic cells — 0.7%, ratio of nucleated red cells to white cells = 0.6: 1.0 

On account of the very serious condition and the severe anemia, a blood transfusion of zoo cc. was 
administered. After the blood transfusion the child improved considerably. Nine days after the blood 
transfusion the blood showed: 


Hemoglobin. . 

Red cell count. . 
White cell count . 

* Abbreviations: 


67 Gm. 

1.8 million 
5.7oo 


P — polymorphonuclears 
B — band forms 
Y — young forms 
E-reosinophils 

Note: Bone marrow materials were obtained by sternal puncture. 


L — lymphocytes 
Mo — monocytes 
Prom — promyelocytes 
Mvcl — mvclocvtcs 
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Platelet count 93,000 

Reticulocytes 1.9% 

Icterus index 8 units 

After the blood transfusion 4 Gm. of reduced iron was administered daily. The heart murmur soon 
disappeared. During the third week of his stay in the hospital the boy was up and about. After five 
weeks he was sent home entirely recovered. 

This case showed a tendency to hypoplastic reaction of the bone marrow as 
shown by the rather low white cell count, the thrombocytopenia, the low cell, 
count in the bone marrow, and the erythropoietic activity which is not so high as 
compared with the previous case. However, the condition was still reversible and 
the patient recovered entirely. 

The youngest case (a 4 year old girl) and a 33 year old male had a similar hema- 
tological picture, but both recovered. 

Case 3. This was a iz year old boy in whom there was a simultaneous infection with schistosomiasis 
chronic amebiasis, ascariasis, and trichuriasis, besides the ankylostomiasis. 

Blood findings: 

Hemoglobin 11 Gm. and iz Gm. 

Red cell count 3.0 and 3.6 millions 

White cell count z6,ooo and 36,000 

In the differential count there were 63. z and 76.0% eosinophils 

Bone marrow findings: 

Normal count, normal erythropoietic activity with a ratio of nucleated red cells to white 
cells of 0.3: 1.0. 

As far as we could ascertain, the anemia was not influenced by the other parasitic 
infections. In schistosomiasis without hookworm infestation, there is usually no 
severe anemia, even in the stage of parasitic cirrhosis. Stransky, Jongco, and Pas- 
cual 15 examined the blood of 443 apparently normal Filipino children, 70 per cent 
of whom were infested with ascaris and trichuris. There was no case of anemia 
among them. 

Tbt Third , or Irreversible Type ( Aplastic Anemia ). — This is characterized clinically 
by severe anemia, dizziness, easy fatigability, and hemorrhagic diathesis. The 
erythropoietic activity of the bone marrow is almost nil. There is so-called pan- 
myelophthisis with low cell count; relative lymphocytosis; and lack of erythro- 
poietic, granulocytopoietic, and thrombocytopoietic activity of the bone 
marrow. The clinical symptoms of panmyelophthisis may develop prior to the 
definite hematological changes. In this stage anthelminthic and antianemic treat- 
ments are of no avail. Blood transfusions and iron are ineffective in improving the 
irreversible process. 

While there is an extensive literature in hookworm anemia, aplastic anemia as a 
possible outcome of hookworm infestation has only rarely been mentioned. Heihg 
and Wisweswar 16-18 observed several cases of severe anemia in India but without 
recording one of aplastic anemia. Cruz 19 in Brazil examined the bone marrow of 14 
individuals suffering from hookworm anemia. Red bone marrow was observed in 
2.3 cases, and in only 1 case was yellow bone marrow encountered. Diwany ,n 
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Egypt found red bone marrow in his 9 cases of hookworm anemia in children. 
Schretzenmayer 21 in China reported on aplastic anemia in hookworm disease with- 
out discussing, its development. The observation of fatal anemia in dogs infested 
with ankylostoma caninum (Foster and Landsberg 22 ) cannot be compared with 
the anemia of man as the consequence of massive infestation in dogs is an acute 
anemia, while human hookworm anemia is chronic. 

We have observed 8 cases of aplastic anemia in hookworm disease. There were 7 
males and 1 female. During the same time of observation we observed 5 so-called 
primary idiopathic aplastic anemias. There were 4 females and 1 male. This prob- 
ably demonstrates that there is no particular sex susceptibility for aplastic anemia, 
and the preponderance of males here only follows the predominant number of 
males in the whole series as mentioned above. 

We shall now discuss the cases of aplastic anemia. 


Cast 4. The first case of aplastic anemia is a 10 year old male who was admitted with a history of 2. 
months' weakness and pallor. Wich these symptoms he noticed simultaneously slight bleeding of the 
gums. One month later he was hardly able to walk and had palpitations and occasional fever. Two weeks 
before admission he felt numbness of both legs. 

Conspicuous findings on admission were marked pallor, bleeding from the gums, and enlarged heart 
with functional murmurs. 

Laboratory findings: 

(1) Blood: 

Hemoglobin 3 Gm. 

Red cell count 0.9 million; rose to 1.1 millions after 

transfusion, then down to 0.7 million 

White cell count 6,000 and 1,600 

Differential count L — 56% to 89%, E — 7 and 1% 

Reticulocytes i.o% and 0.8% 

Platelet count 64,000 and 16,000 

(1) Bone marrow was extremely poor in cells. The total counts were: 19,000, 4,100, and 
5,300. L — 60 to 85%. Ratio of nucleated red cells to white cells was 0.1 : 1.0 
Very rare megakaryocytes seen 

Improvement was only temporary after transfusion. The patient left the hospital against advice in 
very serious condition. 

This case was characteristic of chronic aplastic anemia. There were hypochromia , 
anemia, leukopenia with granulocytopenia, and relative lymphocytosis, thrombocy- 
topenia, and reticulocytopenia in the peripheral blood. There were low cell count, 
relative lymphocytosis, poor erythropoietic activity, and megakaryocytopeniain 
the bone marrow. Blood transfusions, large doses of reduced iron, anthelminthic, 
and dietary treatments did not improve the condition, and the patient was taken 
home against advice after 5 months in the hospital. 

Cast This second case is similar to case 4. A 15 year old male was admitted with bleeding of the 
gums and petechial hemorrhages in the skin. 

(1) Blood findings were: 

Hemoglobin 4 Gm. 

Red cell count ... 1.2. million 
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White ceil count 4,100 

Platelet count 11,600 

Reticulocytes i, 1% 

Differential count P — 3.6 9 c, B — 3.1^, L — 84.4^, 

Mo — 4.0%, Plasma cells— 0.4T, 
E — 0.4^0, no nucleated ted cells, 
no anisocytosis 

(i) Bone marrow: 

Total cell count — 4,450, L — S6-4%, ratio of nucleated red cells to white cells = 0.05 to 


Megakaryocytes were not found 

The patient stayed in the hospital for 3 months. During this period he received S blood transfusions. 
The red cell counts ranged from 0.6S to 1.39 millions, the white cell counts from 1,800 to 4,Soo, the lym- 
phocytes from 67% to S9 %. Eosinophils were absent. Two days before the patient left, in very serious 
condition, there developed ulcerations in the tonsils. The hemorrhagic symptoms persisted. The benefi- 
cial effects of blood transfusions became less and less and the patient continued to become worse until 
his discharge against advice in dying condition. 


The first two cases discussed were typical of the aplastic anemia following hook- 
worm disease. The diagnosis can be made easily from the clinical picture with the 
characteristic peripheral blood and bone marrow findings. 

The next two cases illustrate a clinical picture in which, while the outcome was 
the same as aplastic anemia, the hematological picture at first was not definitely 
that of panmyelopthisis. 


Case C is a to year old male, admitted with epistaxis, hematemesis, and epigastric pain, which devel- 
oped 4 hours before admission. For a year the boy had suffered from repeated attacks of epistaxis, hemor- 
rhages from the gums, subcutaneous ecchvmosis, and pallor. On admission the child had rapid, wot 
pulse, cold extremities, and ecchymoses in the skin and subcutaneous tissue of both legs. 

Laboratory findings: 

(0 Feces examination: ascaris +++, ankylostoma eggs ++, trichuris cggs++ 

(0 Blood: 

Hemoglobin 6.7 Gm. 

Red cell count 1.5 million 

White cell count 6,2.50 


Differential count P — 43.5%, B — 5-5%, L — 47 - 5 ro 


i\io — 1.570, plasma cell— 1.0%, 
no nucleated red cells 


Platelet count 78,500 

Reticulocytes '- 5 % 


(3) Bone marrow: 

Total cell count — 78,500 

Differential count: Basophils — 0.4%, Blast cells — i.4%, Prom — 11.1%, Myel— i 6 - 4 /C> 
L—14%, Mo — 1.2-%, E— 10.4 %, mitotic cells— o.S%, ratio of nucleated red cells to 
white cells = o.3:i.o 

Normal megakaryocytes in number and structure. 

The first impression of this particular case was that of a blood dyscrasia, like purpura, prinwo c 
secondary. Alchough the thrombocyte count was low, coagulation and bleeding time were norru- 
and the tourniquet test negative. The severe anemia and the normal megakaryocytes in the bone ® lrr0 ' 
pointed against primary thrombocytopenic purpura. In spite of repeated blood transfusions there '-as - 
marked improvement of the anemia. 
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The blood findings chronologically were: 


Date 

Hemoglobin 

(Grams) 

Red cell count 
(Millions) 

White cell count 

Ratio nucleated red 
cell: white cell 

8-14-40 

6.3 

I -5 

6,100 


8-17-40 

5.6 

i-5 

7,400 


8-19-40 

5.6 

1.8 

4,800 

0.01 * 1.3 

8-31-40 

5.6 

I -35 

6,000 


9-5-40 

5.6 

i - 6 

6, zoo 


9-19-40 

5.6 

1.8 

5,500 


9-14-40 

5.6 

1.8 

6,000 


9-17-40 

4-9 

1 ■ 57 

5,700 


lO-Z-40 

5 - 1 

1 .6 

3,000 

0.005 : 1.3 

IO-4-40 

5 - 2 - 

1.56 

6,300 



The differential count and the reticulocyte percentage did not change markedly. After the first blood 
transfusion the eosinophils rose to 13% in the peripheral blood and the bone marrow examination showed 
a count of 117,000 cells with 11% eosinophils, and a 1:1 ratio of nucleated red cells to white cells. 

The child stayed in the hospital for 7 weeks. Reduced iron and ammonium citrate were administered 
in large amounts; oil of chenopodium was given as anthelminthic treatment. The weight increased from 
19.8 Kg. to 11.9 Kg. The hemorrhages disappeared. In spite of the increased erythropoietic activity of 
the bone marrow, and the gain in weight during the short period of remission, the red cell count and 
hemoglobin level did not improve. Two weeks after discharge the child was brought back with severe 
hemorrhages from the nose and gums, and petechial bleedings in the skin. He was pulseless, semi-con- 
scious, and apparently exsanguinated. Blood transfusion was recommended, but the parents refused and 
he was taken home, where he died a few hours later. 

This case is an example of severe anemia with symptoms of early hemorrhagic 
diathesis. From the hematological picture alone, the diagnosis of aplastic anemia 
could not be definitely made during the stay of the patient in the hospital for 7 
weeks. However, the outcome was fatal and, in 2. weeks after discharge, there was 
probably a rapid breakdown of the bone marrow. It was unfortunate that no ex- 
aminations were made during the second admission when the patient was in ex- 
tremis, as the parents refused further examination and treatment. 

Cast 7 is a fatal case of ankylostomiasis with autopsy report, in a 15 year old male. He was admitted 
with gum hemorrhages, epistaxis, petechial hemorrhages of the skin, bleeding from the right car, and 
extreme pallor. Bleeding from the gums started 1 months previously, and epistaxis, 10 days before ad- 
mission. A few days later skin bleedings developed, weakness and pallor set in. 

(1) Blood findings: 

Hemoglobin 5.1 Gm. 

Red cell count i -5 millions 

White cell count • - 1 , 9 ° 0 

Platelet count 14,100 

Reticulocytes o- 9 Tc 

Differential count P Tr , k 665 c, Mo 

3 . 9 c. E — no nucleated red 
cells 

(2.) Bone marrow: total cell count — 105,000, with E 3 . 2 . 9 b* 

The other cells were almost normal. Ratio of nucleated red cells to white cells = 0.19:1.00 
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The patient stayed in the ward for a weeks. Unfortunately, a suitable donor could not be obtained, 
as the cross-matching always revealed hemolysis. The patient became weakened, and paler from div 
to day. Subsequent examinations revealed a further drop in the red and white cell counts. The h.-r-cr- 
rhagic tendency became worse, and retinal bleedings set in. The patient rather suddenly died, probiHr 
from heart failure. 

The autopsy findings were: anemia, severe, generalized; tigroid heart with dilatation; pettciiil 
hemorrhages in the epicardium; hemorrhage and edema of the lungs, endocardium, and ccrebellun; 
yellow bone marrow with reddish (hemorrhagic) areas; purpura of the skin; ankylostomiasis, sever:. 

In this case the anemia was not extreme at first, with a count above i million; 
the bone marrow count was 105,000, which is about normal, and the differential 
count was not much altered; but the erythropoietic activity of the bone marrow 
was low, the ratio of nucleated red cells to white cells was 0.19:1.0 compared to 
0.3 : 1.0; 0.6: 1.0; and 1.1: i.oin those that recovered in the second type. The hemor- 
rhagic symptoms, leukopenia, with relative lymphocytosis, thrombocytopenia, 
low reticulocyte count, and absence of nucleated red cells in spite of the anemia, 
shown by the peripheral blood, were in favor of aplastic anemia even in the begin- 
ning of the observation, despite the somewhat normal bone marrow findings. Re- 
peated bone marrow punctures in the follow-up would probably have shown more 
definite aplastic reaction. 

The last two cases were similar in that the anemia was not very severe at first, 
the bone marrow findings were not definitely those of aplastic anemia, and the 
leukocyte and differential counts were not much altered. Therefore a definite diag- 
nosis of aplastic anemia could not be made at first, typical aplastic anemia later 
developing. In both cases, hemorrhagic tendency was observed early in the course 
of the disease. This symptom, when observed in hookworm infestation, may be a 
danger signal as it was observed in all those cases that died, even before the other 
findings of aplasia were evident; and it was not observed among the cases of hook- 
worm anemia that recovered. Quintos in an unpublished paper (1943) called atten- 
tion to this early danger signal in hookworm anemia, and although the number of 
cases observed is small, it is an interesting point for further study. 

The next consideration is: Are these cases of aplastic anemia simply coincidental 
with hookworm anemia? It is indeed difficult to give a definite answer. During the 
same period of time we observed 5 cases of so-called idiopathic aplastic anemia, com- 
pared to the 8 cases associated with hookworm anemia. The incidence of an aplastic 
bone marrow response in hookworm anemia is therefore high compared to that 
without hookworm disease; a definite causal relationship may therefore be present. 

The pathogenesis is still a more difficult problem. Our experience is that hook- 
worm anemia is rare in young children. Our youngest case was 4 years old, the next 
was 7 years old, and all the others were at least 10 years old. On the other hand, it is 
probable that infestation takes place early, and after anemia has developed, it take> 
some time more for aplastic anemia to manifest itself. We did not see a case o* 
aplastic anemia beloxv the age of 10 years. We believe therefore that it takes sexc^ 
years before aplastic anemia develops. While the pathogenesis is obscure, we are 0. 
the opinion that there is an exhaustion of the bone marrow following continuous 
blood loss in the presence of various factors, including dietary deficiency. 1 
known thac aplastic anemia does not develop in chronic hemolytic anemia " 
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there is an abnormal load on the bone marrow to produce red blood cells to counter- 
balance hemolysis during the whole life of the individual or until therapy is in- 
stituted. Therefore it is presumed that some other factor besides the blood loss must 
play a part in the development of aplastic anemia in hookworm disease. 

SUMMARY 

We have discussed three types or stages of blood changes in hookworm disease. 
Attention is directed to a severe irreversible aplastic anemia which occurs not in- 
frequently in hookworm disease. The pathogenesis is obscure, but we believe that 
it is due to bone marrow exhaustion following continuous blood loss in the presence 
of various factors, including dietary deficiency. 

The symptomatology, hematologic and bone marrow findings are described. 
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OBSERVATIONS ON THE EFFECT OF IRRADIATION IN CHRONIC 
ACQUIRED HEMOLYTIC ANEMIA EXHIBITING HEMOLYTIC ACTIVITY 
FOR TRANSFUSED ERYTHROCYTES 

By Robert S. Evans, M.D., and 
Rose T. Duane, A.B. 

E VIDENCE is accumulating that transfused cells are destroyed at an accelerated 
rate in one type of acquired hemolytic anemia. 1-4 Since normal cells as well 
as the patient's are involved it is evident that a hemolysin is present which is 
active against all erythrocytes. In the few instances in which a hemolysin has 
been demonstrated in vitro it has exhibited the characteristics of an immune body 
requiring complement for activity. 6-7 If an antigen, antibody reaction is the basis 
of hemolysis in the hemolytic anemias showing accelerated destruction of trans- 
fused cells it is not surprising that the agent has seldom been demonstrated in 
serum or plasma, since it is active at body temperature and would therefore be 
expected to become attached to the red cells as it is released. 

Recent investigations on the formation of antibodies have re-emphasized the 
importance of lymphatic tissue and lymphocytes in antibody production. 8 - 9 Pre- 
vious observations by Hektoen 10 and by Murphy and Sturm 11 demonstrated that 
sufficient irradiation of lymphatic tissue will inhibit antibody formation in ani- 
mals. It seemed worth while, therefore, to observe the effect of irradiation on the 
hemolytic anemia in a patient in whom it had been demonstrated that normal 
red cells as well as her own were destroyed in vivo at an accelerated rate. Because 
irradiation and transfusion were followed by a remission in the severity of the 
disease a second patient with chronic hemolytic anemia exhibiting similar features 
was also exposed to irradiation. The results of these observations are reported. 

METHODS 

The methods of study have been described previously. 4 In addition, the technic 
of Ashby 12 was used in following the rate of disappearance of the transfused Group 
O cells. The patient’s blood was Group A Rh positive. Oxalated venous blood was 
drawn to the 0.5 mark in an erythrocyte pi pet and diluted to the 101 mark with a 
50 per cent dilution in saline of a high titered (1-10,000) Group B serum. After 
mixing by shaking 1 minute the sample was allowed to stand 1 hour at room 
temperature. It was then rotated on an Aloe pipet shaker for 15 minutes before 
filling the counting chamber. The unagglutinated cells were counted by the usua 
technic and the number per c.mm. computed. Prior to transfusion the counts 0 
unagglutinated cells averaged 40,000 per c.mm. Following transfusion with Group 
O cells two counts were made with separate pipets and the average used. 11 
this method variations in two counts were never greater than 10 per cent. 

From the Department of Medicine, Stanford University School of Medicine, San Francisco 15, &' 
ifomia. 
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CASE REPORT 

Mrs. F. A. J., age 58, entered the clinic service of Stanford University Hospital on August Z3, 1945, 
for study of a recurrence of a hemolytic anemia 18 months after splenectomy had apparently resulted in a 
cure. She was born in California of Portuguese parents. A kyphoscoliosis which had caused her little 
trouble had been present since birth. Measles and pertussis were the only childhood diseases recalled. 
She had been married 34 years and had had four pregnancies. Three children are living and well; one died 
in infancy of an unknown cause. Her father died of diabetes and her mother of tuberculosis. One sister 
died of uremia and heart failure and another of tuberculosis. Two siblings are living and well. There is no 
family history suggestive of hemolytic anemia. 

She was well until 1939, when she began to have pain in the hips and lower back radiating down the 
posterior aspect of the right leg. The pain was intermittent but increased so she consulted a physician in 
November of 1941. The hemoglobin was 77 per cent and the spleen was palpable and tender. She received 
iron by mouth and intravenously during the next several months, along with injection of arthritis 
vaccines. In May 194a the hemoglobin was 8 Gm. per too cc. and erythrocytes z.38 million per c. mm. 
Moderate variation in size and shape of the red cells was noted. A reticulocyte count was not done, but 
polychromatophilia was said to be rare. Blood Wassermann, Kolmer and Kline were positive. She 
received several injections of arsenicals but no consistent antiluetic therapy was instituted. A series of 
injections of gold sodium thiosulfate was begun on June 8, 194Z, for her arthritic symptoms. Because of 
continuation of her obscure anemia associated with splenomegaly she was referred to the private service 
of Stanford Hospital on July zo, 194Z, for further study. 

She was noted to be sallow but not icteric. The sclerae were clear. Pupillary reactions were normal. 
There was no generalized adenopathy. The heart was enlarged and there was a systolic murmur at the 
apex and in the pulmonary area. The edge of the spleen was felt 5 cm. below the costal margin and the 
liver edge was palpable and smooth. 

The hemoglobin was 6.17 Gm. per too cc. and erythrocytes 1.75 million per c. mm. The leukocytes 
numbered 3,800 per c. mm. The differential count of leukocytes was normal except for a high banded 
count and 1 per cent myelocytes. There were 400 nucleated red cells per c. mm. and the reticulocyte count 
was zo per cent. Blood platelets were n8,zco per c. mm. The icterus index was 11. Mean corpuscular 
values were within normal limits. Hypotonic fragility of the erythrocytes was close to normal with 
hemolysis beginning at .50 per cent salt solution and the control at .46 per cent. There were no micro- 
spherocytes in the stained smear, and the average cell thickness was z.3 micra. The IVassermann reaction 
was positive although atypical and was reported as follows: 

Cholesterinized heart antigen ( ) 

Acetone insoluble antigen (J — I — (-) 

Alcoholic extract antigen (H — 1 — (-) 

The Hinton flocculation was negative. 

A diagnosis of hemolytic anemia was made and she was returned to her physician with the suggestion 
that transfusion therapy be tried for a while. 

There was evident improvement for several months following repeated transfusions. However, the 
symptoms of weakness and fatigue recurred, and while the anemia did not become severe the hemoglobin 
was 10.64 Gm. per 100 cc. and the reticulocytes 10 per cent at the end of one year. Cell fragility of hy- 
potonic saline was still close to normal. She was readmitted to the hospital on August 16, 1943, and 
because of the continued signs of hemolytic anemia a splenectomy was done by Dr. Frederick Reichert 
on August Z3, 1943. A bone marrow biopsy taken from the left 11th rib at the time of splenectomy re- 
vealed hypertrophy of the marrow stroma and an increased proliferation of erythroblastic cells. The 
operation was followed by rapid improvement, and the hemoglobin level and erythrocyte count rose to 
a normal range in z weeks' time. 

She was well and entirely free of anemia until March 1945, when there was a recurrence of arthritis 
with swelling of fingers, wrists, and knee joints. During the next z months she received gold sodium 
thiosulfate injections totaling 11 cc. About 3 months after beginning the gold therapy she noted weak- 
ness and "pounding of the heart" and shortness of breath on exertion. The above symptoms increased in 
severity until the time of her third admission on August Z3, 1945. 

F/y ucjI E xamination. — She was cheerful and able to be up and around her room. The skin and mucous 
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membranes were pale. The sclcrae were nor icteric. The pupils reacted well to light and accommodation 
The tongue was normal in appearance. There was no generalized lymphadcnopathv. The chest was char 
to percussion and auscultation. The cardiac rhythm was regular and a systolic murmur was heard over 
the precordium. Blood pressure was iio mm. systolic and 70 diastolic. The splenectomy scar was fair 
healed. The liver edge could not be felt. Pelvic examination was normal. The extremities, including tb 
joints, were not remarkable and the deep tendon reflexes were equal and active. 

Laboratory Work. — Examination of the blood gave the following values: hematocrit L4, ervthrocvres 
2..1 million per c. mm., Hb. S.6 Gm. per 100 cc., MCV 114 cubic micra, MCH 40 micro micrograr.<, 
MCHC 36 per cent, reticulocytes 17.6 per cent, 2.10 nucleated erythrocytes per c. mm., £o,coo platelets 
per c. mm., and 7,000 leukocytes. The differential count of leukocytes was polymorphonuclear ncutro* 
phils 70 per cent, eosinophils 5 per cent, lymphocytes iS per cent, and monocytes 7 percent. 

Examination of the stained erythrocytes showed great variation in size with many large polychro* 
matophilic cells and many small densely staining cells and microspheroevtes. 

The blood Wasscrmann reaction was negative on this and several subsequent occasions. Total pro 
teins were 7.2. Gm. per 100 cc. 

Course . — The salient features of her subsequent course until the time of death arc shown in figure 1. 
Because she was comfortable in spire of her anemia it was decided not to give her transfusions until 
necessary. She was, therefore, allowed to return home aftei 6 days' hospitalization. Subsequent exarai- 
nations during the following month showed a drop in hematocrit and an increase in reticulocyte per- 
centage. There was a marked increase in weakness and pallor, and she was readmitted on September 15, 
1945, with a hematocrit of 22.. The erythrocyte count had dropped to 1.45 million per c. mm. and the 
hemoglobin to 7.1 Gm. per 100 cc. The reticulocytes had increased to 32. per cent and the icterus index to 
30. The urobilinogen ourput had increased to 2.500 mg. per day. The leukocyte count was 12,500 with 
li per cent lymphocytes. There was a slight increase in hypotonic fragility as compared to the previous 
examination. She exhibited a titer of cold agglutinins of 1-32., but no agglutination could be demon- 
strated at body temperature. No atypical isohemolvsin could be demonstrated in her serum when sus- 
pensions of her own or normal cells were incubated in her serum at 37 0 for 4 to lo hours. 

With an increase in severity of her anemia she complained of more epigastric distress and nausea after 
raking food or liquids. The gastrointestinal symptoms improved or became more pronounced in relation 
to the severity of her anemia throughout the rest of her course. 

The effect of repeated transfusions of derated Group O cells is shown in figure 1 and in more detail is 
figure l, where the number of unagglutinated Group O cells and the total erythrocyte count before 
and after transfusion are shown. The number of autologous erythrocytes was computed by subtracting 
the number of unagglutinated cells from the total number per c. mm. As shown in figure 1 the rise m 
hematocrit following transfusion was transitory and the drop toward the pre transfusion levels was 
rapid. As shown in figure l the drop in erythrocyte count was due to the rapid disappearance of the trar.>- 
fused cells. 

The rapid restoration of the circulating hemoglobin to normal levels by multiple red cell transfu- 
sions had no immediate untoward results. Reactions were minimal and for several days follow^ 
transfusions she felt in a more or less normal state of health. The rapid drop in hematocrit was associa..* 
with the recurrence of weakness, shortness of breath, and indigestion. Transfusions became increasing.? 
difficult because of thrombosis of the superficial veins. 

As a result of these observations on the accelerated destruction of transfused normal cells it was ex- 
cluded that a hemolysin must be present which was active in vivo but could not be demonstrated in vitr^ 
Repeated attempts to demonstrate the presence of 2 hemolysin in the serum by incubating cell 
suspensions all met with failure. Since it seemed likely that the hemolysin was an immune bod) type* 
was decided to see if any measures could be used to modify its production. Accordingly on October 
she was given yz cc. of thorotrast (14 to 2.6 per cent thorium dioxide) intravenously with two 
mind. It was thought that the absorption of a large amount of colloidal material by the reticu 
dothclial cells might modify the production or elaboration of a hemolytic antibody. Thorotrast ^ 
chosen instead of some other colloidal material because of the possibility of demonstrating an accrs ^ 
spleen which might be removed. There was no reaction to the injection of thorotrast. ^ 

upper abdomen showed good visualization of the liver, but no shadow that could be interpret, 
accessory spleen was present. 





Fig. i. The Essential Hematological Data in the Course or the Patient trom the Time She Was 
First Seen in Relapse until the Time or Death 
The first part covers the period of control observations as the anemia became more severe and the 
period of multiple red cell transfusions, and finally the injection of thorotrast which produced a transitory 
interruption in the fall in the hematocrit. The second part shows the effect of irradiation on the leukocyte 
count and the two periods of remission which were apparently induced by transfusion following ir- 
radiation. Determinations of the rate of excretion of fecal urobilinogen at intervals arc shown in blocks 
as me. per day. 
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At the time the thorotrast was given the hematocrit was falling following transfusions and judri.-^ 
by previous experience could have been expected to drop further. As can be seen in figure t.thc fall j; 
hematocrit was interrupted and there was a rise from 15 to 2.7 three days later before the gradual drop kii 
continued. Ten days following injection of thorotrast the hematocrit had reached io and she wasriis 
15 o cc. of whole blood and 300 cc. of concentrated cells without producing a rise in the hematocrit cr 
hemoglobin. Two injections of zoo cc. of Congo red were given on subsequent days without evidence 
that the hemolytic process was affected. 

On November iz the hematocrit was found to be 16 and the hemoglobin 4.1 Gm. per too cc. Irriii- 


• TOTAL RED COUNT 

O NUMBER UNAG6LUTINATED CELL PER C«* 



Fig. a.. The Transitory Effect of Multiple Red Cell Transfusions Preceding Irradiation 
This was due in part to the hemolysis of the transfused Group O cells which were counted as c" 
agglutinated cells in the Group B serum. The number of patient's cells per c. mm. was computed hr ! -- 
tracting the unagglutinated cell count from the total erythrocyte count. Approximately 50 per cento, t- 
transfused cells disappeared from the circulation in 5 days' time, which is about ten times the normal P- 


ation was begun by giving 100 r in air daily to the anterior mediastinum. The chest was ij cm. • — 
A ii by iS cm. portal centered over the mediastinum anteriorly and posteriorly was treated, t*'j 
radiation of half value layer of 1 ram. of copper. The skin target distance was 70 cm. The same m.i-^ 
and dose were used in irradiating the periaortic region of rhe abdomen in subsequent courses Or. ■ 
fourth day of irradiation the hematocrit was 14 and the icterus index 40. Her clinical condition was '■ 
poor, with extreme weakness, air hunger, and persistent nausea. OxygcD therapy seemed to 
necessary margin to sustain life. She was given a transfusion of 150 cc. of red cells by cannulannc * \ 
in the ankle. During the next 4 days the improvement was gradual and sustained. Her color ltupm^ 
she no longer exhibited air hunger. The nausea disappeared and she was able to eat normal!;. 


ROBERT S. EVANS AND ROSE T. DUANE 


77 


fourth day following transfusion the hematocrit was 31 and the hemoglobin 8.3 Gm. per 100 cc. The 
icterus index, which had been 40 and 50, dropped to 10 and 15, where it remained during several weeks of 
remission. The urobilinogen output in the stool was measured as 730 mg. per day during the next 4 days. 

The total leukocyte count, which had been 13,600 and 11, too per c. mm. on two occasions prior to 
x-ray, dropped to the neighborhood of 8,000. The decrease in circulating lymphocytes and the total 
leukocyte count are presented in figure 1. Platelet counts varied between 100,000 and zoo, 000 per c. mm. 
throughout her course. 

When the hematocrit was found to be 31 irradiation was discontinued for several days but was begun 
when the hematocrit fell to z6. Following the resumption of irradiation of the mediastinum and later of 



' Fig 3. Representative Samples of Hypotonic Fragility Curves during the Course or the Relapse 

in the Hemolytic Anemia 

The increase in hypotonic fragility from August 17 to November 7 during the increase in severity of the 
7 disease is evident. Curves obtained on December 14 and January 14 during the remissions show a shift 
toward normal. The curve of December z6 was done during the period of exacerbation. 

the abdomen the hematocrit rose again and the lymphocyte count, which had shown a temporary rise, 
fell to lower levels. She continued to feel a great deal better and regained sufficient strength during the 
period of partial remission to be ambulatory. The improvement in the anemia was accompanied by signs 
(.• of diminished hemolysis. The icterus index remained at a level of 10 to 15 and the urobilinogen output in 
' the stool was less than half the three previous determinations. 

- ; The curve of h vpotonic fragilitv, which had shown a gradual increase since the first determination on 
. August zy along with increasing severity of the hemolytic process, showed a reversal of this trend and 
. and shifted back toward the normal stage. The curve of December 14 (figure 3) is a sample of those ob- 
tained during the period of partial remission. 

' Irradiation of the periaortic region of the abdomen was undertaken on tss-o occasions using the same 
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amount and size of portal as the mediastinum. It was during the second course of irradiation to th: 
abdomen that she exhibited a rise in the number of lymphocytes in the circulation and a precipitous fill 
in the hematocrit and a return of her symptoms of weakness and nausea. With the drop in the hematocrit 
she exhibited a low grade fever and developed a mild productive cough which persisted several dan. 
A chest x-ray on December zS showed the lung fields to be clear. Urinalysis at the same time showed a 
transient pyuria, but there were no symptoms of urinary tract infection. She was given 30,000 units cl 
penicillin every 3 hours for 7 days. This medication was accompanied by a subsidence of the cough and 
clearing of the urine sediment, but no improvement in the anemia. Irradiation of the mediastinum was 
resumed on January z, 1946. By January 7 no significant improvement in the anemia had occurred, and st: 
seemed unable to continue the struggle longer. A transfusion of 500 cc. of whole blood was followed again 
by a dramatic improvement. The hematocrit rose from 18 to 30 and then to 34 during the next 5 days, 
and the hemoglobin rose from 4.9 Gm. to 10.4 Gm. per 100 cc. She again felt greatly improved. 

However, on January 16 she complained of pain in the right anterior chest and the following diy a 
friction rub was heard. An x-ray of the chest failed to reveal any area of consolidation. Following this 
episode, however, the hematocrit fell rapidly and all the former symptoms of severe anemia returned. 
As can be seen in figure 1, this drop occurred along with continued irradiation. A transfusion of 500 cc. 
of whole blood was of temporary benefit only, and she died on January Z9 with symptoms of marked air 
hunger. 

Pathological Examination. — Spleen: The spleen, removed 2.9 months prior to 
death, weighed 955 Gm. The capsule was smooth and translucent. Two small in- 
farcts were present. The malpighian bodies were large but not distinct and showed 
considerable hyaline homogeneous material in the centers. The reticulo-endothe- 
lial cells were laden with brownish pigment (hemosiderin) but the phagocytosis 
of red cells was not prominent. 

Autopsy. — Gross : There was no free fluid in the serous cavities. The heart weighed 
375 Gm. and showed normal values. There were no gross infarcts in the lungs but 
there were multiple small emboli in the pulmonary arteries, several of which were 
adherent to the vessel wall. Mediastinal lymph nodes appeared grossly normal. 
The liver weighed 1950 Gm. and appeared normal. Gallstones were not present. No 
accessory spleen was found. The adrenals were normal and the kidneys weighed 
185 and 2.00 Gm. The uterus and adnexa were normal, as were the stomach an! 
intestines. The femoral, sternal, and vertebral marrow was a deep red. 

Histological Examination . — The multiple thrombi in the pulmonary arteries were 
in various stages of organization and recanalization. Others were more recent but 
none was found that could be considered of fresh occurrence. The lymph nodes of 
the anterior mediastinum showed some diffuse fibrosis but no typical radiation 
fibroblasts were found. The marrow showed hyperplasia of all elements an 
marked erythroblastic activity. Phagocytosis of red cells was prominent and man; 
macrophages were filled with granules of thorium dioxide. There was a line diffuse 
fibrosis of the sternal marrow and some evidence of an arrest of development 0. 
marrow elements. 

The Kupffer cells of the liver were filled with refractile grayish granules c 
thorium dioxide. Iron stains showed a moderately heavy deposit of iron pigm^ 
in the liver cells and Kupffer cells. The kidneys showed hemosiderin pigmentatio 
of the tubular epithelium. 

The mucosa of the esophagus and cardiac end of the stomach was ulcerate 
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patchy areas and replaced by young granulation tissue and infiltrated with in- 
flammatory cells. The remainder of the gastrointestinal tract was normal'. 

Irradiation of a Second Patient tvith Chronic Hemolytic Anemia . — The second patient 
with chronic acquired hemolytic anemia and spherocytosis to be studied for the 
effect of irradiation has been reported previously. 4 She exhibited a marked increase 
in cell fragility which made it possible to demonstrate that transfused cells were 
made abnormally fragile to hypotonic solution within zq hours after injection. 

Since the partial remissions in the first patient followed transfusions as well as 
irradiation, it was desirable to determine first what effect if any irradiation alone 



Fig. 4. The Course op the Hemolytic Anemia in the Second Patient defore, during and following 

Irradiation 

There was a drop in leukocytes and lymphocytes but no evidence that the hemolytic process dimin- 
ished in severity. Determinations of the excretion of bilirubin from the ileostomy arc demonstrated in 
blocks as mg. per day. 

would have on the hemolytic process. During the iz day period of observation 
the hematocrit varied between 2.4 and 2.7, and the output of bilirubin in the ile- 
ostomy excreta was measured as S35 and izoo mg. per day. The effect of 2.00 r 
, daily in air to the mediastinum given every other day on the total leukocyte and 
, lymphocyte count is shown in figure 4. The reduction in circulating lymphocytes 
was marked, but there was no measured effect on the hematocrit or bilirubin out- 
put to indicate a slowing of the hemolytic process. If there was any significant 
effect it was in the direction of increasing the degree of anemia temporarily. 
Five months after irradiation the hematocrit was z 6 , the leukocytes 12., 000 per 
c. mm., and the lymphocytes 4,000 per c. mm. 
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DISCUSSION j 

In a previous report evidence that injections of colJoidal gold had precipitated j 
the onset of the abnormal hemolytic process in one patient was presented. In the 
case history presented here the relationship of gold therapy to the onset of the 
hemolytic process is doubtful, since an anemia and palpable spleen were note! I 
before gold therapy was begun. However, the relapse 2.0 months following splentc- 
tomy coincides closely with the resumption of gold therapy. Following splenec- 
tomy, the hemoglobin, erythrocyte count, and reticulocyte percentages were 
normal in all determinations up to the time gold therapy was resumed. The fall 
in hemoglobin thereafter was evidently gradual, since the onset of pallor and weak- 
ness was insidious. The anemia increased in severity until it finally became neces- 
sary to resort to transfusion therapy. It is evident that gold therapy must be 
considered capable of setting off an abnormal hemolytic process. 

Histological examination of the spleen and the subsequent autopsy findings 
failed to throw any new light on the pathogenesis of the disease. The phagocytosis 
of the red cells by the macrophages of the marrow, although extensive, docs no: 
account for a process that damaged the majority of the mature red cells present 
in the circulation. On the contrary, the phagocytosis was probably stimulated by 
the presence of the damaged cells. It is likely that the multiple small pulmonary 
emboli resulted from the thrombosis of superficial veins following transfusions, 
since no other source was found. The acute ulcerations of the esophagus and stom- 
ach account for the epigastric symptoms which were pronounced when the anemia 
was severe, which suggests that anemia and anoxemia played a role in their pro- 
duction. 

Kracke and Hoffman 13 have previously reported the association of positive 
serology of atypical behavior and chronic acquired hemolytic anemia. In their 
patient, too, the serological reactions reverted to normal following splenectomy. 

According to the method of differential agglutination the transfused Group 0 
cells disappeared from the circulation at roughly ten times the normal rate, 1 since 
approximately 50 per cent of the cells were eliminated in 4 to 5 days’ time. This 
rate of hemolysis of transfused cells is consistent with the pyrrole pigment «- 
cretion, which was somewhat greater than ten times the normal rate. It is obvn® 
chat the transfused red cells must have paticipated in the incrased hemolysis m 
that repeated multiple transfusions which in some instances nearly doubled th. 
total cell volume continued to have a transitory effect. Also, there was evidence 
from studies of the quantitative fragility curves before and after transfusion that th. 
cells introduced showed a gradually increasing susceptibility to hemolysis in hypo- 
tonic solutions during the 3 or 4 days following their introduction. AH 'hs- 
observations which show that normal cells were damaged and hemolyzed at 1- 
accelerated rate indicate the presence of a hemolysin in the patient’s circulation 
It is of course only an assumption that the hemolysin was an immune bw.- 
but in the absence of other evidence that seems to be the most likely posstbi it,- , 
It is unlikely that the cold agglutinins played a significant role in the hemo) 11 
process since the titer was relatively low and there was no activity at body 
perature. 
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| The temporary rise in hematocrit that followed the injection of thorium dioxide 
may be significant since it was the first interruption in the drop in hematocrit 
following transfusion that had been recorded. There was nothing to suggest that 
the temporary rise in hematocrit was due to hemo-concentration following the 
injection. The only direct evidence that the rise was due to a slowing of the rate 
was a fall in the icterus index from 50 to 3c and then an increase to 50 as the he- 
matocrit began to drop again. There are several possible explanations which might 
account for a temporary slowing of hemolysis after the injection of a large amount 
of colloidal material. Filling the reticulo-endothelial cells with colloidal particles 
might interfere temporarily with phagocytosis of damaged cells and allow more 
to remain in the circulation. On the other hand the colloidal particles could inter- 
fere directly with the hemolysin or form a protective coating around the erythro- 
cyte. Lastly, the absorption of colloidal material might modify temporarily the 
rate of production or elaboration of hemolytic antibody by the reticulo-endo- 
thelial cells. The evidence that the reticulo-endothelial system is a source of anti- 
bodies is controversial, but the possibility has not been excluded by recent em- 
phasis on the importance of the lymphatic tissue. 

The injection of Congo red was apparently without effect. Congo red has been 
shown by Richardson 14 to protect erythrocytes against hemolysis by a variety 
of agents, but the concentration of the dye used in these in vitro experiments was 
much greater than would be achieved in intravenous injection of zoo mg. It is 
noteworthy that Congo red, unlike thorium dioxide, is not, according to ob- 
servations in animals, absorbed by the reticulo-endothelial cells alone. 15 

The prolonged partial remission which followed the single transfusion given 
after 4 days of irradiation showed that either the irradiation or some other com- 
pletely unknown factor had modified in a radical way the severity if not the nature 
of the hemolytic process. The most obvious effect of the irradiation was the de- 
pression of the number of circulating leukocytes, particularly the lymphocytes, 
which is in agreement with the studies of Minot and Spurling 16 on the effect of 
x-ray therapy. As can be seen in figure 1 there seemed to be a rough inverse re- 
lationship between the number of circulating lymphocytes and the degree of 
severity of the anemia until the terminal z weeks of her course. The leukocytosis 
and lymphocytosis that preceded the period of irradiation had no obvious clinical 
explanation but seemed to be associated with the multiple red cell transfusions and 
followed a period of increased blood breakdown. 

It is possible theoretically that destruction of large numbers of circulating 
lymphocytes would increase temporarily the rate of red cell destruction by re- 
leasing hemolytic antibody. The evidence that that occurred is equivocal. As shown 
in figure 1, the hematocrit fell from 16 to 14 during the drop in lymphocyte count 
and the reticulocytes increased from 19 to 50 per cent, but the severity of the 
anemia was increasing before irradiation was begun. It was not possible to obtain 
accurate studies of pigment output during this period. The second patient showed a 
lowered hematocrit during the drop in circulating lymphocytes but here, too, this 
degree of variation has been observed to occur spontaneously. 

The first partial remission ended with the onset of symptoms which suggested 
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a respiratory infection and the second with an episode which seemed likely to 
have been a pulmonary embolus. The drop in hematocrit at the end of the first 
remission was preceded by a rise in lymphocyte count and a leukocytosis, which 
suggests that an infectious process may increase the severity of hemolysis In- 
activating lymphatic tissue and increasing the production of a hemolysin. 

It is obvious that both partial remissions observed in the patient were initiated 
by transfusions although in each case the hematocrit rose to a higher level than 
could have been accounted for by the transfusion alone. The failure to produce a 
remission in the second patient, who seems to have had a closely similar hemolytic 
process, with irradiation alone supports the importance of the transfusions in 
initiating the remissions. There is no good explanation as to why transfusions were 
necessary to initiate a sustained remission. It is conceivable that an antihemolytic 
substance in plasma 17 became effective at this point or that the remaining he- 
molytic antibody was absorbed by the normal transfused cells. Future studies 
should, if possible, include observations on the effect of plasma and washed red cell 
transfusions following irradiation. 

As already indicated, marked changes in erythrocyte morphology and fragility 
in hypotonic solutions were observed during the course of the hemolytic anemia. 
Prior to splenectomy, when the hemolytic anemia was relatively mild, hypotonic 
fragility was normal as measured by the usual technic. The mean cell thickness, 

, , , , , MCV , . 

computed by the formula was 2-3 mi era and microspherocytes were 

absent in the stained smear. However, when first seen in relapse the blood smear 
showed a large percentage of spherocytes, the M.C.T. had increased to 3 micra, 
and the fragility in hypotonic solution was increased as shown in figure 3 (August 
z 7). As the hemolytic process accelerated, the fragility curve became more ab- 
normal (October 15 and November 7), while with each remission the curve shifted 
back toward normal (December 14 and January 14). The correlation of the hypo- 
tonic fragility, which reflects the degree of spherocytosis, 18 with the severity 
of the hemolytic anemia agrees with findings of Dameshek and Schwartz, 19 vdto 
demonstrated that the degree of spherocytosis and the severity of the hemol) nc 
process in experimental hemolytic anemia were proportional to the amount of 
anti-ery-throcy-te serum injected. 


SUMMARY 

The history and course of a middle-aged woman with a chronic acquired hem 
lytic anemia have been presented. Splenectomy resulted in a complete remissu 
of the disease for 18 months before a relapse occurred which led eventually tc 
fatal termination. 

The original cause of the abnormal hemolytic process is not known, but 1 
onset of the relapse was closely associated with the resumption of gold theraf 

The acceleration of the hemolytic process was associated with an increasi 
tendency" toward spherocytosis and susceptibility of the erythrocytes to hetm 
ysis in hypotonic solution. 
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It is demonstrated that transfused normal erythrocytes shared in the hemolytic 
process and were eliminated from the circulation at an abnormal rate although no 
atypical isohemolysin was demonstrated by in vitro tests. 

An attempt was made to alter the rate of hemolysis in several ways. The in- 
jection of thorium dioxide was followed by signs of transitory slowing of red cell 
destruction. Injections of Congo red were apparently without effect. Irradiation 
of the mediastinal and periaortic nodes was begun to ascertain if the production 
of a hemolytic antibody in lymphatic tissue could be altered. Irradiation was 
followed by a fall in leukocyte and lymphocyte counts in the peripheral blood. 
Transfusions were then followed by partial remissions in the hemolytic process for 
varying periods of time in two instances. Irradiation of a second patient with a 
chronic hemolytic anemia of similar character produced a fall in leukocyte count 
and lymphocyte count, but in the absence of transfusions no slowing of the he- 
molytic process occurred. 

No definite conclusions can be drawn from these fragmentary observations on the 
effect of irradiation, but further investigation as to the character of the hemolytic 
substance and possible methods of modifying its production are indicated when the 
opportunity is afforded. 
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CONGENITAL HYPOPLASTIC ANEMIA ASSOCIATED WITH MULTIPLE 
DEVELOPMENTAL DEFECTS (FANCONI SYNDROME) 

Report of a Case 

By S. Estren, M.D., John F. Suess, M.D., and William Dameshek, M.D. 

T HE pathogenesis of congenital hypoplastic anemia is not clear. In many cases, 
the disorder occurs sporadically in a child who is otherwise completely well; 
in the absence of other etiologic agents, these cases are assumed to result from a 
chance defect in the chromosomal mechanism for development of the bone marrow. 
That this hypothesis is probably valid is suggested by the occurrence, in other indi- 
viduals, of congenital aplasia of the bone marrow in siblings, 1 and also by the 
occurrence of cases in which the marrow abnormality is merely one of a number of 
congenital aberrations. Fanconi was the first to describe examples of the latter 
disorder. In 1917 he reported three brothers aged 5, 6, and 7 years respectively, 
each of whom showed aplastic anemia, microcephaly, testicular hypoplasia, con- 
vergent strabismus, exaggerated deep tendon reflexes, and a generalized brown 
melanin-like pigmentation of the skin. 2 Familial cases of this "Fanconi syndrome” 
were subsequently described by Emile-Weil, 3 Hjorth,' 1 and Dacie and Gilpin. 5 
Sporadic cases of the same disorder were reported by Uehlinger, 0 van Leeuwen, 7 
and Emile-Weil. 3 

The purpose of the present paper is to describe an example of Fanconi 's syndrome 
in an 11 year old American-born child. As far as we can determine, this is the first 
such case to be reported in the American literature. Hypoplastic anemia was asso- 
ciated with pigmentation of the skin, deafness, congenital heart disease, and con- 
genital deformities of the thumbs and forearms. 

CASE REPORT 

H. T., an 11 year old white girl, was admitted to the Boston Floating Hospital (No. 9474) on Sep- 
tember 10, 1946,* for investigation of anemia. 

Fjmtli History. Both parents were born in France of French ancestry. The father had never had any 
illnesses except for unknown childhood diseases over 30 years before the patient was born. He had lived 
in the United States since 1924 and was 3S years old at the time of the pregnancy. The mother was well 


* Referred by Dr. Earl S. Kelly, Pawtucket, Rhode Island. 

From the Blood Laboratory of the J. H. Pratt Diagnostic Hospital and the Boston Dispensary, the 
Boston Floating Hospital and Tufts College Medical School. Aided by grants from the Charlton Fund 
and the Upjohn Company. 
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before the pregnancy except for a transient episode of “jaundice" which occurred at the age of i:(; 
France), and since which time she was supposed to be anemic. Actual study of the mother showed t 
evidences of anemia, spherocytosis, or other defect of the hematopoietic system. The mother had In; 
in the United States since 1914 and was 33 years old at the time of conception. During the third meet 
of the pregnancy, she suddenly developed faintness and dizziness, was told she had a severe ‘ "otic 
media and mastoiditis,” and underwent mastoidectomy. The subsequent course of the pregnancy v.; 
uneventful. 

There was no history in the family of either mother or father of blood diseases, spleen disease, ar.cn: 
congenital abnormalities, pigmentation of the skin, or other similar disorders. 

Birth History. The patient was an only child. The mother had never been pregnant before, and aft, 
discovering the abnormalities in her daughter refused to become pregnant again. The child was be 
at home of a vertex delivery in which low forceps were used. At the time of birth, it was noted th 
the right thumb was lacking and that the left thumb was represented by a single bony rudiment hangir 
by a thread of skin from the left metacarpus. 

Vast History. Development, in regard to weight gain and mental ability, appeared to be nornu 
At the age of 3 weeks the patient had pneumonia; but she was well from that time until the age of 


years, when she developed rubella; at 4 years, she had transient “pyelitis.” After the first year, h; 
general development was poor and she was frailer and smaller than other children of the same age. 

Prtsmt History. In 1943, when the patient was 7 years of age, it was noted that she was extreme, 
pale At the same time, her skin was noticeably darker than previously, and she seemed to have sen 
difficult; in hearing with her left ear. Pallor and increasing pigmentation continued to be present fro 
that time on. In May 1945 the child developed fever, coryza, and cough and was considered to hi' 
bronchitis. Sulfadiazine was given, 1.0 gram every four hours for three days, with some relief. The 
episodes of fever, coryza, and cough which were interpreted as bronchitis recurred in July 1945, Deccr 
ber 1945, and February 1946; on each occasion they were treated with similar dosage schedules of suit 
diazine, with regression of the complaints. In February 1946, however, fever continued to be press 
after the usual course of sulfa therapy, and another similar course of sulfadiazine was given a va 
after the first course with good response. 

In March 1946 the pallor became marked and the child was weak, listless, and unable tocarryc 
her usual activities. A laboratory test was performed at this time and showed anemia. Liver and irv 
therapy were instituted without effect, and the patient was given two transfusions of whole Wool' 
500 cc. each. She felt and looked better after this treatment, but in July 1946 again became listless, pat!' 1 
and weak. Fever of ioo° to ioi° F. was present at this time and spontaneous ccchymoscs began roapfc 
in various parts of the body. On several occasions, spontaneous bleeding also occurred from the gar. 
The stools were inconstantly streaked with blood. Occasional hematuria was also noted. 

Physical Examination. The child was a duli-appearing, well nourished, poorly developed white g** 
The skeletal development was that of a 6 or 8 year old child. 

Skin. There was a generalized brown pigmentation of the skin over the entire body, but the nr 
mucosa was not pigmented. Purpuric spots were present over the abdomen, legs, and arms. 

Ears. Grossly, the ears were normal. Otoscopic examination showed normal drums. There was, bo. 
ever, definite impairment of hearing in the left ear. 

Eyes. Normal. No evidence of muscle imbalance. 

Mouth. Dentition corresponded to the age of 10 years. The tongue, oral mucosa, palate, and t - L 
were normal. There was no abnormal pigmentation. 

Neck. Normal.' , , 

Breasts. Although the nipples were not developed, the fatty portions of the breasts were defir' 1 - 
increased over normal and corresponded to the development of a 14 year old girl. 

Chest. A slight pigeon-breast deformity was present. 


Lungs. Normal. ^ 

Heart. The heart was enlarged to both the right and the left. There was a systolic thrill “ _ 
border of the heart, best felt at the left sternal border over the second and third left intercosta *F^ 
Over the same area a very loud machinery-type murmur was present. It was continuous 1 r03 ^__ 
systole and diastole but was accentuated in systole, and not well transmitted elsewhere. The 
was well heard in the interscapular area posteriorly. A softer systolic blowing murmur was F 0 " 
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the apex, transmitted to the left sternal border and the left axilla. The sounds were of good gual.n 
and the rhythm was regular. 

Abdomen. The liver and spleen were not palpable. 

Genitalia. Normal female. 

Extremities (fig. i). The right thumb was completely lacking. The left thumb consisted of a 
phalanx which was attached to che left metacarpus by a thread of skin and soft tissue. Thctc was shout; 



Fig. 3. X-Ravs of the Forearms and Hands 

The right radius and ulna are shorter than those on the left. The distal epiphysis of the right ra..- 
is absent. The right hand is deviated radiad. The right thumb is absent. The left thumb is undcrdei-kpc 
The number of carpal centers of ossification is less than normal. 


ing of the right ulna and radius, with deviation of the radial half of the forearm toward the radia 
General Laboratory Findings. The urine showed no abnormalities. The serology of the blood vast ^ 
tive. An electrocardiogram showed no abnormalities. X-ray and fluoroscopy of the chest showed aft . 
inent pulmonary artery, enlargement of the left ventricle, and enlargement of the left auric - ( r s 
X-rays of the skeletal system showed the following findings (fig. 3): 

1. The right thumb was absent. 



Table i. — Blood Studios on H. T. hfore and ajter Spltnictomy 


Date 

R.B.C. 
(millions per 
cu. mm.) 

Hemo- 
globin 
(grams 
per 100 
cc.) 

W.B.C. 

(per 

cu. min.) 

Differential count 
of white cells 

Platelets 
(per cu. 
mm.) 

Reticulocytes 
(per cent) 

Sept, n 

0.73 

■ 


p 610 (2.3%) 

L 1800 (67%) 

M 2.70 (10%) 

ZI ,coo 

n.i% 

Sept. 13 

1 04 

D 

2 -, 45 ° 

P 760 (31%) 

L 1400 (56%) 

M 290 (12%) 

13,500 

9% 

Sept. 17 

1 09 

3-4 


P 350 (19%) 

L 1300 (71%) 

M 190 (10%) 



Sept. 2.0 

1 94 

5.8 

z,zoo 

P 310(14%) 

L 1600 (74%) 

M 240(11%) 



Sept. 14 

Splenectomy 






Sept. 15 

i 41 

7 4 

3.450 

P 1900 (56%) 

L 1000 (30%) 

M 500 (14%) 

zz,ooo 

ii- 5 % 

Sept. 16 

1 51 



P 2000 (51%,) 

L 1400 (36%,) 

M 500(13%) 

22 , 600 

4 - 3 % 

Sept. 28 

2. 52. 

6 7 

z, 900 

P 1300(45%) 

L 1250(43%) 

M 350(12%) 

z8,ooo 

1 


Sept. 30 

z 40 

5 8 

z,3oo 

P 1 100 (46% ) 

L 1 2C0 (51%) 

M 50 (2%) 

i 

17,000 

1 

i . 4 *%c 

Oct. 4 

1 

z 19 

j 6 9 

i 

1 

1 

; 1 

z,i5° 1 

P 470 (22% ) 

L 1500 (70%) 

M 130 (6%) ! 

zo.ooo | 

i 


Oct. S 

2 - 47 

6 6 

1 

j 1 ' 3 °° 

P 350(12%) 

L 1S00 (77%) 

M 150 (7%) 

63,000 

1 7% 

Oct. 2.6 

z zz 

7 4 

5 . 000 , 

P 550(11%) 

E 100 (2%) 

L 3S00 (76%) 

M 550(11%) 

15.500 

4 4% 

Nov. 21 

1 49 

9.0 

5 .85° 

P 940 (■£%) 

L 3500 (6o% N 

M 1170 (lo%3 

10 ,cco 



S 9 















9 ° 


CASE REPORT 


i. The right wrist contained only 5 carpal centers of ossification (normally at this age, S ccotcn in- 
visible on x-ray). 

3. The right radius and ulna were shorter than those on the left. 

4. The right radius was shorter than the right ulna. The distal epiphysis of the right radius nil 

absent. 

5. The right hand was deviated toward the radial side. 

6. The left thumb was underdeveloped. 

Hematologic Findings. The blood counts are recorded in table 1. On admission, the red blood cot:: 
was 730,000 per cu. mm.; the hemoglobin 1.7 grams per 100 cc. (18 per cent); the white blood toct 

I, 700 per cu. mm . , including 13 per cent polymorphonuclear neutrophils (610 per cu. mm.), 67 per cc: 
lymphocytes (i,Soo per cu. mm.), and 10 per cent monocytes (170 per cu. mm.). The platelets numbed 

II, 000 (normal 500,000) per cu. mm. The reticulocytes numbered 11 per cent of the total number of red 
cells. The blood smear showed variations in size and shape of the erythrocytes, some hypochromia, aci 
virtually no platelets. 

A bone marrow puncture showed hypocellularity. Megakaryocytes were virtually absent from the 
preparations. Granulocytopoiesis was qualitatively normal, but quantitatively' reduced. Hry thropoiesis 
was normoblastic in type and orderly in development, but also quantitatively much reduced. There vui 
a slight relative increase in the numbers of lymphocytes and plasma cells. Differential count of the marrow 
cells gave the following results; 

Blasts 0.4% 

Promyelocytes 1.6% 

Myelocytes 1.0% 

Band forms S.i% 

Polymorphonudears 6.4% 

Lymphocytes 10.6% 

Plasma cells 3 -o% 

Histiocytes 4.1% 

Course in Hospital. There was no response to liver and iron therapy. Three transfusions of blood totaling 
700 cc. were given on September 11, 17, and rS and had little effect on the symptoms of weakness ar. 
fatigue or on the blood values (table 1). Because the patient was going progressively downhill, ar- 
because splenectomy has occasionally given beneficial effects in hypoplastic anemia, 1 removal of th: 
spleen was undertaken on September 14. An additional 550 cc. of blood were given at this time, lb- 
spleen weighed 39 grams and showed large numbers of follicles. The sinuses were conspicuous. Tl"- 
was diffuse but slight hemosiderosis. No evidences of hematopoiesis were present. Vessels, capsuk, 1 
trabeculae were normal. . , 

The patients convalescence was uneventful. One month postoperativel)' there were nocssecr.^ 
changes in the neutrophil or platelet counts, although a slight lymphocytosis had resulted in 1 
white count of 5,000 (table 1). The red count level was at a higher level than the patient's prctranslcs:- 
Icvels (1.1 M. as compared to 1.0 M.). Although the role of splenectomy in this regard could not ) !I 
definitely stated, it seemed that the patient was able to maintain a higher level of erythrocyte cu— 
than before splenectomy. 


Erythrogones 0.4ft 

Normoblasts (basophilic) 3 -ofc 

Normoblasts (polychromatophilic) . 10.0 Cc 

Normoblasts (orthochromatic) So.iTc 

Ratio of granulocytes to erythroblasts = 
1:1.5 (normal 1.5:1) 


DISCUSSION 

The presentation of this patient as an example of the syndrome described b; 
Fanconi is based upon the co-occurrence of multiple congenital abnormal- 
including hypoplasia of the hematopoietic system. The patient showed the fo 
ing defects: 


1. Skeletal system. There was underdevelopment of the bones, so 


that tb 


skeletal age was two to four years less than the chronological age. There 
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hypogenesis of the left thumb and agenesis of the right thumb and two carpal 
bones of the right hand. There was maldevelopment of the bones of the right 
forearm. 

2.. Central nervous system. There were no obvious abnormalities of the nervous 
system, with the exception of the deafness of the left ear. The etiology of this deaf- 
ness was obscure; although it had been definitely noted only in the three years 
before admission, the parents recalled that the child always had some difficulty in 
hearing, so that it is likely that the deafness too was a developmental abnormality. 

3. Cardiovascular system. The heart was grossly enlarged both clinically and 
by x-ray examination. A murmur and thrill were present which were variously 
interpreted as indicative of patent ductus arteriosus, interauricular septal defect, 
or a combination of both lesions. Although the exact nature of the cardiac lesion 
was uncertain, the presence of some form of congenital heart defect was definite. 

4. Skin. Brownish pigmentation of the skin was present, but did not involve the 
mucous membranes. Again, the parents had noted pigmentation for only three 
years, but its presence before that time seemed likely. 

5. Endocrine system. Gynecomastia was present. 

6. Hematopoietic system. The patient showed anemia, leukopenia and neutro- 
penia, and thrombocytopenia (pancytopenia). The cause for the pancytopenia ap- 
peared in the bone marrow, which showed hypoplasia of erythropoietic, granulo- 
cytopoietic, and thrombocytopoietic elements. 

The etiology of the underdevelopment of the hematopoietic system could not be 
attributed to benzol, x-ray, sulfonamides, or any of the other external agents 
known to produce hypoplasia or aplasia of the marrow in certain instances. The 
fact that pallor and weakness were already present before the initial dose of sulfa- 
diazine was given for the upper respiratory infections indicates that hypoplastic 
anemia was already present prior to sulfonamide medication. It is possible, how- 
ever, that the sulfonamide caused an accentuation of the already existing hypo- 
plasia, which was probably a developmental defect explicable on the same basis as 
the other developmental defects; i.e., chromosomal abnormalities. The blood pic- 
ture was typical of idiopathic hypoplastic anemia showing a normochromic 
normocytic anemia, neutropenia and leukopenia, and thrombocytopenia. The 
presence of reticulocytosis in certain cases of this disorder, notably those that are 
congenital in onset, has been noted. 1 Such a disorder would not be expected to 
respond to treatment with liver or iron, and actually in this patient these medica- 
tions were without effect on the clinical or hematological status. Splenectomy in 
hypoplastic anemia is occasionally beneficial, especially in cases in which marked 
thrombocytopenia is present despite the occurrence of megakaryocytes in the 
marrow. 1 

The occurrence of hypoplasia or aplasia of the bone marrow in association with 
other congenital defects designates this case as an example of Fanconi's syndrome. 
In the absence of a history of any similar disorder in either parent or their families, 
the case must be regarded as a genetic "sport" due to chance aberration in one or 
more of the hereditary genes which have to do with development of the bone 
marrow, skeletal system, heart, etc. 
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The patient was an only child, and the absence of siblings leaves open theqi 
tion whether such an occurrence would repeat itself in this family. It is of inte 
that abnormalities of the thumbs were mentioned in relation to 3 of the 6 rep 
of Fanconi's syndrome in the literature: the thumbs were absent in a cousir 
the cases reported by Hjorth 4 ; one thumb was absent in Uehlinger’s patient'; 
one thumb was deformed in van Leeuwen’s case. 7 

The rationale of splenectomy in congenital hypoplastic anemia has been discus 
elsewhere. 1 Splenectomy is of occasional benefit in this disorder, especially in c: 
in which a hemorrhagic diathesis due to thrombocytopenia is the chief compla 
and at the same time the megakaryocytes in the bone marrow are not complei 
absent. The improvement following removal of the spleen is probably due to 
removal of the normal inhibitory or regulatory mechanism exerted by the spl 
upon the elements produced within the bone marrow. Following splenector 
and probably as a result of elimination of this regulatory factor, the deliv 
of platelets from the marrow into the peripheral blood may increase sufficient!) 
that the resulting platelet count, although still less than normal, may suffice 
prevent the hemorrhagic diathesis. In the present case, thrombocytopenic purp 
was a prominent finding and gave rise to a marked bleeding diathesis; but very] 
megakaryocytes were seen on marrow specimens. Splenectomy was neverthe 
undertaken because the patient was going rapidly downhill and it was felt tl 
the operation offered the only chance of improvement. The procedure was f 
lowed by a well defined reduction in the necessity for frequent transfusions, 
though the platelet level did not rise appreciably. The red cell and hemoglo 
levels were well maintained and perhaps even favorably influenced. There are t 
reports of splenectomy in the Fanconi syndrome. In van Leeuwen's patient, " 
was a 14 year old female child, splenectomy was without effect on the symptc 
or signs, but the patient lived for three years after the operation . 7 Splenectomy' 
also carried out in one of Dacie and Gilpin’s patients and was followed by s 
rained improvement, so that transfusions (which had had to be given regula 
preoperatively-) were no longer required after the operation. Death here a 
occurred three years later. 5 

It is of interest to speculate upon the possible relationship of the mother s ac 
otitis media and mastoiditis, during the third month of pregnancy, to the occ 
rence of the congenital abnormalities in her child. Recent reports 8 - 5 have emp 
sized certain congenital defects following infections early during pregnancy- 1 
most prominent of these concern congenital cataracts in children born of a pr 
nancy complicated by rubella. Others report eye lesions, heart lesions, deaf mum 
microcephaly, etc., following rubella, chicken pox, mumps, etc. In virtual!) 
reports only virus diseases have been implicated in giving rise to congenital abn 
malities, and in all reports the disease affected the mother before the third moo 
of pregnancy. In the present case, it is probable that the infection was comply 
unrelated to the subsequent abnormalities in the fetus. 

SUMMARY 

A sporadic example of Fanconi syndrome (congenital hypoplastic anemu 
association with other congenital defects) is reported. 
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A SIMPLE APPARATUS AND PROCEDURE FOR PREPARING AND 
ELECTROPLATING RADIOACTIVE IRON* 

By G. R. Greenberg, M.D.,f S. R. Humphreys, M.D., Helen Ashenbrcck 
Marjorie Lauritsen, and M. M. Wintrobe, M.D. 

I N THE course of certain studies in this laboratory involving the uptake 
radioactive iron by the erythrocytes 1 it became necessary to devise a simp 
method for the digestion and preparation of the blood samples and to have arc] 
lively simple apparatus for electroplating the Fe 59 preparatory to counting. Despi 
improvements in apparatus described for this purpose, 2-6 a number of practical di 
advantages were encountered when our studies were undertaken. 

This papier describes an electroplating apparatus which we believe overcom 
some of these disadvantages. It is simple to construct and easy to operate. 

Included also in this communication is the procedure we have used for the dig: 
tion of the samples and for the isolation of the radioactive iron. 

APPARATUS 

A photograph of the electroplating unit is shown in figure i. The sides are co 
structed of wood and fiberboard while the frame is of wood. The base supportir 
the cells is constructed from § inch pressed wood and is treated with chemical 
resistant paint. A diagram illustrating the electrical connections is shown infigu 
z. The cell used for electroplating has been drawn to scale in figure 3. In figure 1 01 
electroplating cell (A) has been laid on its side to show its construction. Each un 
contains eight cells. The bottom half of a J oz. seamless ointment tin,! ij inch; 
in diameter, contained in the cell is set on the top half of such a tin which is perm, 
nently mounted on the instrument. The portion of the tin which is permanent! 
mounted is connected to the negative pole of the battery. The use of such an om 
ment tin permits the close approximation of the plated surface to the mica winder 
of the counting tube and provides an air space below the plating surface. 

Stirring is accomplished by bubbling cotton-filtered air from a common dm 
(figure 1, B) through T-tubes and through the solutions, a screw damp Urn 
attached to the inlet of each cell for control. A small pump with a reservoir§ n- 
given very good sendee in this laboratory. 

From the Department of Medicine, University of Utah School of Medicine, Salt Lake City, 

* Aided by a grant for the Study of the Pathogenesis of the Anemia of Infection, United States P~- 
Health Service. 

f Present address: Department of Biochemistry, School of Medicine, Western Reserve Uni'S 5 - 
Cleveland, Ohio. 

t Obtained from Buckeye Stamping Company, Columbus, Ohio. 

§ Standard Pressovac Pump, obtained from Gast Manufacturing Corporation, Benton Harbor, 
gan. 
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Fig. i. Photograph or Electroplating Apparatus 
The last electroplating cell on the right (A) has been placed on its side for purposes of illustration. 
It the extreme right of the appiratus (B) lies the tube packed with cotton through which air for the 
'bubbler” is pumped. The photograph fails to show the sockets in the upper rear panel (C) to which 
he copper wire (D) of the electrode is connected by means of an electrical prong. 



Fig. l. The Electrical Connections or the Electroplating Apparatus 
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The rubber ring which holds the electroplating cell in place on the ointment tin 
is prepared as follows. The larger surface of a no. n black rubber stopper is centered 
over the base of an ointment tin of the size used for electroplating, the edge of 
which is sharpened on a grindstone and which is fastened to a board (fig. 3, IT 



Fig. 3. Diagram, Drawn to Scale, of the Electroplating Cell 
In the same figure is shown the technic of preparing the rubber stopper (c) for the cell. a. Glass tub 
through which air is passed; b. electrode consisting of glass tubing containing mercury into the bottom o 
which a platinum wire (c) is sealed and in which a copper wire (d) rests. The copper wire is connects 
to an electrical prong which fits into a socket placed in the upper rear panel of the apparatus (fig. i» 0 
The electrode (b) and the air bubbler (a) arc fixed in a rubber cork of a size to fit the upper end of th: 
electroplating cell; e. no. n rubber stopper; f. ointment tin, bottom half; g. glass tubing, 15 cm. long 
z.z cm. inside, x.4 cm. outside diam.; h. ointment tin upper half mounted on the wood base of the appara 
tus (fig. 3, E); i. top view of razor blade (j) fixed in position for cutting rubber stopper; k. side view, 
rubber stopper in place to illustrate method of cutting the ledge. 


The stopper is worked down to the board. Since its bore happens to be of the same 
size as that of the glass tube used for the cell, a Fisher burner altered in the folio" 
ing way is used next as a cork borer. The screen top is removed. With an electric 
grindstone the edge of the burner is sharpened. The rough edges on the inside arc 
smoothed with a file. This edge is then employed to bore a hole completely througi 





METHOD 


97 


the cork, starting from the larger surface and working concentrically inside the 
circle previously cut with the ointment tin. The opening on the larger surface of 
the stopper is now placed flatly over the unit shown in figure 3, k. This instrument 
is merely one= fourth of a double-edged razor blade held between washers on a wood 
screw (fig. 3, i and j). This is used to cut out a ring of rubber which when removed 
leaves a space in the rubber cork into which the ointment tin can be fitted. The cork 
is rotated around the edge of the blade, thus cutting a ledge in the cork as shown in 
the diagram (k, side view). A rubber ring is removed. 

The glass tubing is flanged at one end by heating and then pressing down on a 
rounded wooden object such as the end of a broom handle in order to obtain a per- 
fect circle which when in place in the rubber stopper will fit without permitting 
leakage. The glass tubing should not be placed directly down to the ointment tin 
in order that the stopper may exert tension on the ointment tin as well as on the 
glass tubing. This is illustrated in figure 3. 

It is important that the tins be very clean. We remove the shellac with acetone 

and scrape the plating surface with emery cloth. Failure to do this frequently re- 

ults in a scaly plate, 
s 

DIGESTION AND PREPARATION OF BLOOD SAMPLES OR OTHER BIOLOGICAL 
SPECIMENS FOR ELECTROPLATING 

Digestion. The weighed or measured specimen is quantitatively transferred to a 
500 ml. Kjeldahl flask. When using blood, about 11 ml. are put into a graduated 
15 ml. centrifuge tube containing a sufficient amount of dried double oxalate mix- 
ture. 7 From this enough blood is withdrawn to determine the volume of packed 
red cells and hemoglobin content of the sample. The tube is spun at 3000 rpm. for 
15 minutes. The total volume is then easily read. The volume of packed red cells 
is noted for the purpose of estimating the iron content but for actual calculations 
the hematocrit reading is used. The plasma is removed and used for other deter- 
minations. The red cells are transferred quantitatively to a 500 ml. Kjeldahl flask. 
Nonradioactive iron is then added to maintain a constant sample iron content of 
10 mg. Since the normal mean corpuscular hemoglobin concentration is roughly 
33 per cent and the iron content of hemoglobin is 3.39 mg. per gram, then 1 ml. 
of packed red cells contains approximately 1 mg. of iron. A solution of FeCl 3 
containing 1 mg. of iron per drop is used and enough drops are added to bring the 
total iron content to 10 mg. 

Five ml. of concentrated sulfuric acid, C.P., and 10 ml. of concentrated nitric 
acid, C.P., are added together with two solid glass beads. This is sufficient to digest 
the cells from about 15 ml. blood. The specimen is then boiled on a Kjeldahl di- 
gestion apparatus* until the nitrous oxide fumes are driven off or charring occurs. 
After cooling, approximately z ml. of 70 to 72. per cent perchloric acid, C.P., arc 
added and the solution is then boiled to clearness, after which boiling is continued 
an additional one-half hour. Sometimes a fine white precipitate remains but this 
disappears when water is added prior to neutralization. 

'Standard model. Precision Scientific Company, Chicago. 
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The method of separating the iron and the electroplating medium employed are 
slightly modified from Hahn. 5 A few ml. of water are added to the specimen to 
prevent sputtering, as well as z drops of a 0.5 per cent solution of phenolsulfon- 
phthalein, after which it is neutralized in the flask to an orange color by adding a 
saturated solution of sodium hydroxide. The neutral solution is then washed quan- 
titatively into a 100 ml. round bottom centrifuge tube and is made just alkaline 
with the addition of more sodium hydroxide. The tube is allowed to stand at room 
temperature for two hours or longer to assure complete precipitation of the iron as 
ferric hydroxide. It should be noted that at this point a crystalline precipitate 
sometimes forms, particularly if the tube becomes too cool. This can usually be 
dissolved by the addition of more water; sometimes heating is necessary. This 
precipitate is then packed by centrifugation and the supernatant liquid is decanted 
and discarded, after testing it for iron by the qualitative thiocyanate test (a few 
drops of concentrated HC 1 , plus 1 drop of 2.0 per cent KSCN). Conversion to feme 
chloride is brought about by the addition of a few drops of concentrated hydro- 
chloric acid. When the precipitate is completely dissolved, the sides of the tube arc 
washed down with distilled water. The solution is now ready for electroplating. 

Reduction of the iron is effected by the addition of approximately 70 mg. of 
ascorbic acid. A drop of 1 per cent phenolphthalein is added as an indicator and 
concentrated ammonium hydroxide is added drop by drop. The red color of the 

indicator will appear and disappear after each drop is added until finally the whole 

solution turns a violet brown with 1 drop. This solution is then washed quanti- 
tatively into the plating cell and z ml. of saturated sodium citrate are added as a 
buffer. Water is added to give a final dilution of about Z5 ml. The solution generally 
becomes yellow. 


OPERATION OF THE APPARATUS 


When the bubbler is running, about 400 milliamperes of current are used. This 
can be measured by switching the meter into the particular cell circuit. The desired 
amount of current is controlled by the rheostat. The current should be checked after 
mixing occurs, since it generally rises. It is known that the anode-cathode distance 
affects the type of plate produced and the speed of plating. We find that alterations 
in rate of current flow produced by minor variations in the anode-cathode distance 
are best controlled by means of the rheostat. The anode-cathode distance in our 
apparatus is about 5 mm. 

Without the bubbler about 300 milliamperes is a better level of current since 
heating will occur if more is used. Our procedure has been to use the bubbler dur 
ing the day but not overnight. In overnight plating the bubbler is allowed to go for 
a short time at the beginning of the plating and again for about one-half hour in 
the morning. This is done to expel any iron that might be present in the glass tu^ 
ing. An alternative to this procedure is to have separate platinum electrodes " |[ 
out bubblers attached for the overnight plating. Plating is allowed to procee m 
every case until a negative thiocyanate test for Fe is obtained. Air should nM ^ 
bubbled through the solutions too vigorously, as the plates may be oxidize ) ^ 

excess oxygen. Samples for the iron tests are taken out with a inch Jengt 1 
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inch glass tubing constricted at one end and fastened at the other to rubber through 
which suction is made. When the bubbler is running it is best to take the plates off 
as soon as the solutions are negative. The plates are numbered on the bottom with 
wax pencil and are washed with water and 95 per cent ethyl alcohol. After drying 
the plate is coated with a thin layer of oil (few drops of 1 : 100 solution of light 
machine oil in benzene). 

The finished plate has a plated surface z .7 cm. in diameter and 5.7 sq. cm. in 
area. The total iron plated is 10 mg. and the density of the iron film is therefore 1.75 
mg. per sq. cm. Because of self-absorption of radiation in the film itself, the total 


Table i. — Recover y of Radioactive Iron from Blood 


Sample 

Fc 59 Added 
Counts/Minute 

No. of 

Precipitations 
as Fe(OH)j 

Recovered 

Counts/Minute 

Per Cent 
Recovery 

1 

468* 

X 

478 

iox.x 

x 

468 

X 

472- 

100.5 

3 

468 

X 

484 

103.3 

4 

468 

X 

444 

94.8 

5 

468 

I 

450 

96.0 

6 

468 

I 

472- 

100.5 

7 

468 

I 

470 

IOO. X 

Average 

468 


469 

IOO. X 

8 

no 4 t 

I 

1165 

96.8 

9 

1104 

I 

IXIX 

100.6 

IO 

12.04 

I 

n8a 

98.3 

1 1 

IX04 

I 

ixx8 

101 .8 

12. 

1x04 

I 

1136 

10a. 6 

13 

1x04 

I 

1x04 

100.0 

Average 

IX04 


1 

1x04 

IOO .0 


* Average of 8 directly electroplated samples of Fc 53 with a probable error of 4.80 counts/minutc. 
| Average of 8 directly electroplated samples of Fc 53 with a probable error of 6.01 counts/minute. 


iron plated should be kept approximately constant as indicated above. Self-ab- 
sorption on a film this thin is negligible. 8 

The plate is placed in a slot on a stand which can be raised to a position just be- 
low the window of a Geiger tube and there is locked in place. The tube and plate 
are kept within a lead cylinder z inches thick to cut down the background count. 

We use a Geiger tube* with a thin mica window weighing io mg. per sq. cm. 
and having an effective area of 15 sq. cm. Impulses are registered on an electrical 
impulse register* after passing through a scale-of-eight counter.* Each plate is 
counted long enough to total qooo to 5000 counts, usually 4 to iz minutes. The 
probable statistical error of the count is 1 per cent. 

'Cyclotron Specialties Company, Moraga, California. 
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RESULTS 

The platings require z to 5 hours with the bubbler, whereas without the stirring 
they are generally complete in 4 to 6 hours. 

In table 1 are shown the results of recovery experiments. It will be seen that those 
counts which had been carried through the entire digestion, precipitation, and elec- 
troplating procedures agreed well with the counts obtained when the radioactive 
iron solutions were added directly to the electroplating cells. 

COMMENT 

One unit is capable of plating sixteen samples a day with little attention. In the 
past few months approximately 1000 samples have been electroplated with no 
major difficulty. It should be pointed out that the proper pH and sufficient ascorbic 
acid are necessary to obtain a good plate. 

SUMMARY 

A simple, easily constructed apparatus for electroplating radioactive iron has 
been described by which certain disadvantages of other forms of apparatus have 
been eliminated. Sixteen samples can be plated each day without difficulty. 

The technic employed for preparing the radioactive iron for electroplating has 
been given. 

The writers are indebted to Dr. P. F. Hahn and his staff who permitted one of them (M. L.) to spend 
several weeks in the Biochemical Laboratory at the Vanderbilt University School of Medicine and gen- 
erously gave invaluable instruction and advice. 
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EDITORIAL 


Is Leukemia Increasing? 

T HE article by Sacks and Seeman in this issue poses a question which has been 
troubling the interested observer for a number of years: Is leukemia increasing? 
We seem to see more and more cases of this disease all the time. Granted that this 
may be largely a “clearing house” reaction, why is it that practitioners in small 
towns and cities are also seeing more such cases? True, the advent of the technician 
into the community hospital laboratory and the large numbers of routine blood 
counts consequently being made undoubtedly uncover many a case which was 
formerly called anemia or purpura. However, the increasing diagnostic acumen 
of the modern practitioner with his laboratory aids seems hardly great enough to 
account for the spectacular jump in the leukemia death rate, as graphically illus- 
trated in Sacks and Seeman's article. It is startling to know that each year since 
1940, more than 5000 persons in this country have died of leukemia! 

If the incidence of leukemia is indeed increasing what can be the reasons? The 
cause or causes of leukemia not being known, one hardly dares to speculate on this 
matter. It is known, however, that radiologists have a definitely higher incidence 
rate of leukemia than other physicians, and that individuals exposed to radio- 
activity of various types not infrequently develop the disease. It will be of interest 
to observe the Japanese survivors of the atomic bomb for future indications of 
proliferative disease of the white cells. Another etiologic possibility is chemical 
exposure. In all those hematologic cases in which a careful history of exposure to 
chemicals is taken, one is struck by the frequency of chemical exposure in the 
cases of leukemia, particularly in the acute and subacute types. The most common 
chemicals implicated appear to be benzol, benzol ring drugs, and the arscnicals. 
The photographer working long hours with developers in a poorly ventilated 
darkroom, the die and dye workers working respectively with benzol and with 
aniline dyes, gardeners and foresters for years inhaling arsenical sprays have all 
figured in well-taken histories of leukemia. To be sure, many other similar cases 
do not present such stories. But in this chemical age, how do we know which 
chemical is someday going to start off a leukocytic "spree” in a susceptible in- 
dividual? The widely used sulfonamides and vitamins; the tars and automobile 
exhaust gas on the roads; the cosmetics, pimple lotions and under-arm lotions so 
much in vogue are but a few of the numerous chemicals to which civilized human 
beings have become increasingly exposed. If chemicals should be found to have a 
bearing in the causation of leukemia, this may well explain the possible increase 
in incidence of this disease. This possibility merits careful consideration. Statistical 
studies of exposure to chemicals in leukemic and nonlcukermc cases together with 
well conceived animal experimentation appear to be indicated. 

William Damesiiek, M.D. 
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HEMATOPOIETIC TISSUE 


OLIVER P. JONES, Ph.D. 

On the * ‘Conical Openings” in the Wall of Venous Sinusoids and Their Relation to the So-Called 
Erythrogknic Capillaries in the Bone Marrow of Man. E. M.. Schleicher. Anat. Rcc. cjv 
I946 ‘ 

For many years papers have been published regarding the erythrocytogenic power of endothelium 
and rhe nature of the vascular channels in avian and mammalian bone marrow. Several authors (Jordan, 
H. E., and Johnson, E. P.: Am. J. Anat. 71, 1935; McDonald, J. G. : Am. J. Anat. 6j: 191, 1939) 
have discredited the presence of intersinusoidal capillaries as described by Doan ec al. (1915). Instead, 
thev have reported stromal or interlipocellular tissue spaces lined by histiocytic elements. Regardless 
of this controversy, Doan et al., Jordan and Joynson, McDonald, Peabody, Ringoen, Sabin and Miller, 
etc., have observed and described the openings of these structures directly into the sinusoids. In the 
present paper, which is based on a study of marrow obtained from a single patient — before and after 
the intrasternal infusion of 3000 ml. of fresh blood plasma — the author claims that the ‘‘conical openings 
are closed to the general circulation. This offers no restraint to the entering corpuscles because the author 
first assumed (without bibliographic reference) that cellular elements pass through the sinusoidal wall 
after they “have reached a certain physico-chemical state of their colloidal envelopes.” Structures orig- 
inally called intersinusoidal capillaries or stromal and interlipocellular tissue spaces are now designated 
intraparenchymal sinuses by Schleicher. He has presumed that these structures were produced by loss 
of fluid from fat cells. However, such minute changes in cellular contour may very well have been du: 
to fixation artifacts — a thing which should have been ruled out. 

Some Effects of Pituitary Adrenotropic Hormone (Path), Extract of Suprarenal Cortex, am> 
Colchicine on the Haematopoietic System. J. M. Yojfey and J. S. Baxter. J. Anat. So: 

One of the hematological problems which has intrigued many workers in the past as well as 1 
present is the nature of the barrier between hematopoietic organs and the peripheral blood. Besides this, 
there is also the problem of determining the regulatory mechanism which maintains blood cells at re ^ 
tively constant levels. Since published works on the action of pituitary adrenotropic hormone an 
extract of suprarenal correx indicated that lymphocytes were under hormonal rather than ncn ^ 
control, Yoffey and Baxter undertook certain experiments to confirm these findings. Although 
group of test animals was small (2.6 Wistar rats), the results were so definite that they could be consi -y 
as being significant. The administration of pituitary adrenotropic hormone caused a marked dimmur^ 
of lymphoid tissue of the nodes after 4 weeks and the administration of extract of suprarenal cwt 
produced the opposite effect to the extent that the nodes were more active than normal. W hen 
were given both of these substances simultaneously the effects seemed to be neutralized. One of 
interesting observations was the finding that cortical extract produced a lymphopenia in face 0 
active lymph nodes. Hence, in the absence of degenerative changes, it would seem that the rat ^^ T; 
which lymphocytes left the blood was the determining factor in these cases. These authors were * ^ 
to produce a significant change in the blood lymphocytes of 2. rabbits after daily subcutaneous 
of cortical extract for ifi*and 2.2. days respectively. 

Age Changes in the Vascular Architecture and Cell Content in the Spleens of ioo V jstar 
tute Rats, Including Comparisons with Human Material. IV. Andrew. Am. J. Anat. 7? 

1946. , . i S j-Jr 

Since very little is known about the age changes of laboratory animals, Andrew un erto 
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of the spleen as a part of a general program sponsored by The Wistar Institute. In addition to studying 
a pedigreed stock of rats, human spleens from ip. individuals were also studied to see what comparisons 
could be made. Spleens from the rats were divided into 5 groups according to their age. The most im- 
mature animals were it days old and the senile group included rats over 7x6 days old. The human spleens 
were from unselected autopsy specimens ranging in age from newborn to 92. years. All material was 
analyzed for: (1) appearance of malpighian follicles, (1) nature of red pulp, (3) amount of pigment, 
CO appearance of pigment-containing cells, (5) rekeive numbers of plasma cells and eosinophils, and ( 6 ) 
the condition of the megakaryocytes. All of the youngest rats had a reticular type of red pulp whereas 
77 P° r cent of the senile group had a sinusoidal type. Reaction centers (germinal) were not present in 
the most immature group but made their appearance in the group having an age range of 50-150 days. 
These centers persisted throughout all the remaining groups but were markedly decreased in the senile 
group. Warren believes that the term “germinal center" is a misnomer and that Heilman's term “reaction 
center” explains more accurately the function of this structure. Macrophages were not observed in the 
youngest rats but increased rapidly from 50 days on to 716 days and then decreased somewhat in the 
senile group. The incidence of megakaryocytes was greatest in the youngest group with a decrease to 
about one-third in the senile group. Andrew believes certain observations indicate that megakaryocytes 
may arise by a fusion of smaller cells; however, a few cells were found which supported a hypertrophy 
of single cells into megakaryocytes. Comparison of the rat spleens with the human spleens showed in 
general similar things due to age changes. There was a loss of reaction centers, a variable destruction of 
the pulp architecture, and a change in red pulp from a reticular type to a more sinusoidal type. 

Cellular Gigantism and Pluripolar Mitosis in Human Hematopoiesis. E. Scbuarz. Am. J. Anat. yr,: 

75-116, 1946. 

Although it is customary to divide erythropoietic activity into two main categories, viz., normo- 
blastic and megaloblastic, it has been recognized for some time that giant erythroblasts and erythrocytes 
exist in normal bone marrow. By using several staining technics on a group of normal and pathologic 
bone marrows, Schwarz carefully studied the morphology and occurrence of gigantism in hematopoiesis. 
The clue to the nature of this gigantism was first found by observing giant leukocytes with two normal 
and independent nuclei. A graded scries of these cells in transitional stages could be traced back to a 
binuclcatcd myeloblast. In the case of erythroblasts, giant forms were found to arise from unicellular 
erythroblasts which had completed fcaryofcinesis but not cytokinesis. Such cells doubled their cytoplasmic 
mass, number of centriolcs and chromosomes (tetraploid). This process did not interfere with nuclear 
maturation and hemoglobin formation. While plurinuclcated erythroblasts arc present in normal bone 
marrow, they were found to be more numerous in megaloblastic marrows than in hyperplastic normoblas- 
tic ones. Since the greatest number of nuclei found was S, it was suggested that three succeeding divisions 
apparently exhaust the mitotic activity of an erythroblast (used in the general sense). It is interesting 
to note that such a condition docs not obtain in megakaryocytes, for Japa (Brit. J. Expcr. Path. 1C: 111, 
1945) has counted 31 nuclei in these cells. In some cases, after cytokinesis had been suppressed for a 
while, it appeared that an attempt had been made to resume segmentation. The factor responsible for 
the suppression of cytokinesis and the production of giant erythroblasts is still unknown. 

The ErrccTS or Iron, CorrER and Thyroxine on the Anemia Induced by Hytophysectomv in the 

Adult Female Rat. K. C. Crafts. Am. J. Anat. 7 p: 2.67-91, 1946. 

Numerous clinical reports as well as the results of experimental hypophvscctomy have shown that 
the pituitary gland has a regulatory effect on erythropoiesis. Since the exact mechanism of the resulting 
anemia has not been explained satisfactorily, Crafts has attempted to show why this anemia develops 
in a well controlled group of Long-Evans adult female rats. Hvpophysectomy produced a marked drop 
in the erythrocyte and hemoglobin values after 10 days and then an even greater decrease between 30 
and 40 days following the operation. Wright's stained films showed a severe hypochromasia 2nd micro- 
cctosis. The bone marrow was definitely hypoplastic. Injections of ferrous sulfate into hypophysecto- 
mized rats maintained normal erythrocyte levels for 30 days and hemoglobin values for 20 days before each 
of these gradually decreased. Intrapentoncal injections of ferrous sulfate and cupric sulfate produced 
results similar to the administration of iron alone, with the exception that hemoglobin values were 
maintained for 30 instead of 2.0 days. Subcutaneous injections of thyroxin maintained the ervthrocste 
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count at arr approximately normal level while the hemoglobin values gradually decreased but no: re 
the level obtained in the untreated hypophysectomized rat. The last group of animals was treated sin-d* 
taneously with iron, copper, and thyroxin. The erythrocytes were maintained at a normal level L; 
hemoglobin values decreased markedly. At the end of 30 days doses of iron and copper were increased 
and after 2.0 more days it was found that hemoglobin values had risen but not to the normal level. Th-j 
treatment almost completely prevented hypochromia and microcytosis in addition to producing a hyper- 
plastic bone marrow. These data indicate that the anemia induced by hvpophysectomy is perhaps d:: 
to a fault)* metabolism and that iron may be involved. 

Leukopenia and Inflammation. The Presence of a Leukopenic Factor in Inflammatory Exnmn 

V. Mcnkjn. Arch. Path. 41: 50-62., 1946. 

For a number of years, Menkin has been interested in the dynamics of inflammation and as a resrl: 
he focused his attention on the nature of exudates. By using various methods of extraction, fractionaticr., 
and purification he was able to isolate from the exudate of aQ acute inflammatory process substances 
which would produce cellular damage and necrosis, fever, leukopenia, and leukocytosis. Two substances 
have been isolated in a relatively pure form and have been called necrosin and pyrexin. The present am:!: 
renorts the results of an investigation to determine rhe nature of the leukopenic factor. Purified necrosin 
administered to dogs fails to reduce the absolute number of leukocytes. On the other hand pyrexin cc: 
only produced fever bur also a marked leukopenia. By subjecting pyrexin to incomplete hydrolysis if 
was possible to dissociate the leukopenic factor from the pyrogenic factor. Further studies will be 
necessary to determine whether or not the leukopenic factor is a separate substance or a separate facte: 
in pyrexin. 
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The First Mexican Congress of Medicine was held in Mexico City August 4 to 10 
at the General Hospital. Two of the associate editors of the Journal, Dr. Nathan 
Rosenthal and Dr. M. M. Wintrobe, were among the invited speakers. They pre- 
sided over some of the meetings and read papers. Dr. Rosenthal spoke on the 
“Criteria for the Identification and Classification of the Leukemias,” and Dr. 
Wintrobe spoke on “The Pathogenesis of the Anemia of Infection” and “The 
Physiopathologic Aspects of the Blood Dyscrasias and Their Diagnosis.” 

Dr. Oliver P. Jones has been appointed Assistant Dean at the University of 
Buffalo School of Medicine. 

The Ward-Burdick Award of the American Society of Clinical Pathologists was 
presented to Dr. Philip Levine and Dr. A. S. Wiener at the annual meeting in San 
Francisco on June 2.8, 1946. The addresses delivered will appear in the early issues 
of the American Journal of Clinical Pathology. 

Dr. Carl V. Moore has been named Professor of Medicine at the Washington 
University School of Medicine, St. Louis, Missouri. 

Professor Ludwig Hirszfeld, formerly of Warsaw, who has done much of the 
original work on the heredity of the blood groups and their varying distribution 
in races, visited the United States for the months of July and August. During his 
visit Professor Hirszfeld studied the organization of medical schools in America. 
On his return to Poland he will assume the position of Dean of the Medical School 
at the University of Wroclaw, formerly known as Breslau. 

Dr. Frederick J. Pohie has been promoted to Associate Professor of Medicine 
at the University of Wisconsin Medical School, Madison, Wisconsin. 

Professor R. A. Fisher of Cambridge University, England, delivered a lecture 
on “The Rhesus Factor, a Study in Scientific Method,” on August 15 at the Britton 
Auditorium, Connecticut Agricultural Experiment Station, New Haven, Con- 
necticut. In this lecture Professor Fisher presented his views on a series of closely 
linked genes to explain the heredity of the Rh factor. 

Dr. Lloyd F. Cravcr, New York, spoke on “Tumors of the Lymphatic System 
and Leukemia" at the nineteenth graduate fortnight of the New York Academy 
of Medicine in October. 
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Dr. Jose A. Silva, a Rockefeller Foundation Fellow in Hematology from the 
Philippines, and Dr. Lucio Penna de Carvalho Lima of Sao Paulo, Brazil, havt 
joined Dr. M. M. Wintrobe's laboratory at the University of Utah. 

The International Hematology and Rh Conference was held in Dallas, Texas, 
on November 15 and 16, 1946. Upon completion of the meetings the entire con- 
ference moved to Mexico City, where it was affiliated with the Second Mexican 
Blood Transfusion Congress. Meetings of both groups were continued from 
November 17 to 13, 1946. Dr. Joseph M. Hill, Director of the William Buchanan 
Blood, Plasma and Serum Center of the Baylor Hospital, and Dr. Sol Haberman 
of the same institution were the President and Secretary respectively of the Texas 
conference. Dr. Eduardo Uribe Guerola was President of the Second Mexican 
Transfusion Congress, and Dr. Alfonso Velez Orozco, Secretary. The speakers at 
both congresses were Dr. Philip Levine, Dr. R. R. Race of London, Dr. William 
Dameshek, Dr. Ernest Witebsky, Dr. I. Davidsohn, Dr. Louis K. Diamond, 
Dr. Ignacio Gonzalez-Guzman, Dr. Mario Salazar Mallen, Dr. Bruce Chown, 
Dr. J. M. Hill, and Dr. Sol Haberman. 

Dr. Harry Wallerstein showed a film on complete substitution transfusion in the 
treatment of acute hemolytic disease of the newborn. 

Lively discussions relating particularly to irnmunoh an neology and the Rh 
factor took place and xvill be reported upon in a subsequent issue of the Journal. 

First steps were taken towards the formation of an International Society for the 
Study of the Blood and preliminary discussions took place relating to plans for 
another congress. 

Surgeon General Thomas Parran has appointed a panel called the Hematologic 
Study Section of the National Institute of Health. Dr. Kenneth Endicotc of the 
National Institute of Health at Bethesda is the Executive Secretary of this pand- 
One of the functions of the panel will be to make recommendations for grants-in- 
aid to investigators doing hematological investigations. 

MISCELLANEOUS 

The Department of Hematology of the Mount Sinai Hospital, New York, his 
grown considerably during the past year, and a branch of Experimental Hems 
tology has recently been inaugurated with Dr. A. L. Copley appointed to thi> 
branch. 

A Fellowship has been established in the Department of Medicine and Obstetnc 
of the University of Maryland School of Medicine and College of Physicians^ 
Surgeons, Baltimore, for the study of problems relating to the Rh factor. 
Fellowship xvill carry a stipend of $1,500 a year. It is sponsored by the °b st ^ 
and gynecologic section of the Baltimore City Medical Society. Work is to b- ° 
in a special laboratory established for this purpose at the University of Mar) 1 
School of Medicine. Interested applicants should communicate xvith the ^ Cl 
of the Baltimore Rh Typing Laboratory, Dr. Milton S. Sacks, Univcrsit) 0 
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land School of Medicine and College of Physicians and Surgeons, Baltimore 1. 
(From the Journal of the American Medical Association, June 19, 1946.) 

Dr. Charles A. Doan and his staff gave a postgraduate course in hematology pri- 
marily for the members of the American College of Physicians in Columbus during 
October. 

The Sandoz Chemical Works has given a grant of $1,000 a year to F. R. Goetzl, 
Permanente Foundation, Oakland, California, for studies on blood coagulation, 
according to Science. 

A film on blood prepared by the Armour Company under the direction of the 
American College of Surgeons has been completed. It was shown at the A.M.A. 
meeting and will be lent to hematologists throughout the country. Dr. Florian E. 
Schmidt, Director of Medical Motion Pictures of the Armour Laboratories, should 
be contacted for further information. 
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The Principles of Heredity. By Laurence H. Snyder. D. C. Heath and Company, Boston. 3rd edition. 
p P . 450. $3.75. 

Of the many books on genetics, this text by Snyder may be highly recommended to physicians. Th: 
author has been actively interested for many years in all aspects of human heredity. Although the first 
part of the book deals with the theoretical principles of genetics, numerous illustrative cases are presented 
from human material. In the first half of the book such fundamental principles as Mendelian laws, deter- 
mination of sex, lethal factors, linkage groups and sex-linked factors, multiple alleles, and selection and 
inbreeding, are presented concisely and yet sufficiently comprehensively for both students of genetics and 
for physicians. The genetic story of the blood groups, the M N, and Rh factors are presented in the 
chapter on multiple alleles. It is probable that in the future the British theory of closely United genes 
for the heredity of the Rh-Hr system will be accepted. This will necessitate a change in the present termi- 
nology which does not take into account the three Hr factors. Fortunately, only passing reference is run!: 
to the role of the Rh factor and feeblemindedness since the correlation is a loose one. 

Of particular interest to physicians and research workers is the chapter “How Genes Act" uhich 
deals with the fundamental work on the genetic basis of enzymes in determination of color differences 
in flowers and disturbances in metabolism in man and animals. A brief description is given of the import- 
ant work of Beadle on Neurospora with its implications in growth promoting substances and mot: 
specifically in such errors of metabolism as cystinuria and alkaptonuria. 

Other chapters, such as “The Mutant Gene in Man,” "Eugenics," and "Analysis of Human His- 
tories," will appeal to the physician because they deal mainly with clinical material. Here he will feJ 
maps of human chromosomes, a listing of many genetic properties, normal and pathologic, and an 
authoritative statement concerning their mode of heredity so far as it is known at present. Anoihrr 
attractive feature of this excellent book is the inclusion of problems and questions at the end of each of 
the twenty-nine chapters. 

Stitt's Diagnosis, Prevention, and Treatment of Tropical Disease. By Richard P. Strong. The Blalriif* 
Company, Philadelphia. 7th ed. (1344, reprinted) 1945. Pp. 1750. $15. 

The importance of the tropical diseases was at its peak during the war years, as attested by the sit 
editions or printings of this standard work from January 1941 to February 1945. Admiral Stitt publishe- 
the first edition in 1914 and in 1941 turned it over to Dr. Richard P. Strong for revision. The reset nag 
work is a handsome volume of some 1750 pages replete with illustrations and with an excellent hihi' v 
graphy at the end of each chapter. There are excellent descriptions of the various diseases with 1“ £ 

cussions of pathogenesis, pathology, prophylaxis, and treatment. The various concepts relating w ' -- 
mechanisms involved in the sudden hemolysis of blackwater fever are discussed at length. The anemias j 
tropical countries are authoritatively discussed in the section on problems of medical practice w •• 
tropics. The appendix has large sections dealing with an index of clinical diagnosis, laboratory diagtio t . 
and tropical hygiene. It is easy to see that with this large volume alone, an intelligent physician 1 
practice medicine in the tropics almost unassisted. Since the tropical diseases have, in some measure, ^ 
to us in this country with the return of the veterans, it behooves all practicing physicians to -F 
touch with this important subject, and there is no better way to do it than with this boo - 

, ’v B*' 

Contribution de la Citologta en el Diagnostic de las A feed ones de la Sangrey de los Organos Hernato^jiti 
Pedro Paseyro. Thesis, Montevideo. Editorial Medico-Quirurgica, Montevideo, 194^- ^ ^ 

The author describes his experiences with puncture of lymph nodes, spleen, bone marrow, ^ 
and lists several hundred cases in which “adenograms, splenograms, myelograms, and hep^ 5 
were performed. 
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Punctures of the lymph nodes, spleen, and liver are still done only occasionally in this country al- 
hough the sternal puncture has steadily gained in popularity. Lymph node punctures in particular are 
cadily performed and often yield interesting and at times important information. Pasevro presents good 
photomicrographs, for example, of neoplastic metastasis, tuberculosis, and Hodgkin's disease, and cites 
he ease and importance of studying the progressive phases in a lymphomatous process. As obtained with 
he puncture technic, the cells are larger and more subject to intimate histologic study. Punctures of the 
plcen and liver are becoming more frequent, but are preferably performed in or dose to an operating 
00m in case of a possible accident or hemorrhage. The author cites numerous cases in which these tests 
•vere important in settling a diagnosis. 

The book is well set up and written and contains many good photomicrographs and other illustrations. 
The Latin Americans and the French have devoted much attention to this field, and we in this country 
night profit by their teachings. 

'Aodirm Eisentberapie. By RuDOLr Stodtmeister and Peter Buciimann. Pp. 110, S3. 75. Published and 
distributed by authority of the Alien Property Custodian, J. W. Edwards, Publisher, 1944. Litho- 
printed from original publication of Wissenschaftliche Verlagsgesellschaft, M.b.H Stuttgart, 
Germany, 1943. 

This little volume, which was published in Germany during the war, has been lithoprinted in this 
:ountry by authority of the Allen Property Custodian. It is an excellent review of the whole status of 
ron in medicine, with an historical account of iron therapy, the iron content of various organs, the 
erum iron, iron absorption, and the use of various types of iron compounds in therapy with their mdica- 
10ns in various conditions. Particular attention is paid to iron therapy, especially in the iron deficiency 
itates. The book contains most of the available material on iron and can be recommended for review 
purposes. Only a few citations of the literature arc made. The authors admit their indebtedness to Profcs- 
or Ludwig Heilmeycr of Jena. 

Animie infcctitust. By G. Hemmeler. Benno Schwabc & Co., Basel, Switzerland. Pp. 76 5 francs 
This little paper-covered book is concerned with the anemia of infection in which there has been 
datively little interest although a few authoritative articles, notably from Wintrobe's clinic, hase 
cccntlv appeared. The object of the present work is to study the frequency of infectious anemia, the 
hanges in blood and bone marrow, the pathogenetic mechanisms, and finally therapy. It was found that 
nost febrile diseases resulted in anemia, most pronounced in cases with the greatest elevations in tempera- 
ure, sedimentation rate, and leukocytosis. A series of 2.5 cases is presented in which careful studies of 
he blood morphology and the sternal bone marrow were made. These showed a normochromic hypo- 
plastic tvpc of anemia due to a lack of erythroblastic maturation. Serum iron studies gave low values 
ndicating that the anemia was "toxic" in type with a direct disturbance in crythropoicsis It was found 
hat transfusions of blood represent the only valuable method of therapy of the anemia. 

This monograph can be recommended as a clear straightforward account of most of our available 
mow ledge of the anemia in infection and should help to fill the gap which the author savs exists in 
he description of this common and therefore important held. The author probably did not ha\c access 
o the comprehensive study by Dr. Gulli Lindh Muller of the blood in tuberculosis (The Common- 
sealth Fund, 1943' 

n enpberal Vascular Diseases By Edgar V Allen, B S , M A , M D . M S in Medicine, F A C P . Divi- 
sion of Medicine, Mavo Clinic, Assoc. Prof Medicine, Mayo Foundation, Graduate School, Umv. 
Minnesota, Diplomarc of the American Board of Internal Medicine, and Nelson \V Barker, B A., 
M D , M S in Medicine, FAC P., Division of Medicine, Mavo Clinic, Assoc Prof Medicine, Mayo 
Foundation, Graduate School, Unis Minnesota, Diplomate of the American Board of Internal Medi- 
cine, and Edgar A Hines, Jr , M.D., B.S , M A., M S in Medicine, F A C P , Division Medicine, 
Mavo Clinic, Assoc Prof Medicine. Mayo Foundation, Graduate School, Umv Minnesota, with 
Associates in the Mayo Clinic and Mavo Foundation Pp S71, with 3S6 illustrations, - in color 
Philadelphia and London YV B Saunders Companv, iujC Sio.oo 

Peripteral Vascular Diseases bv Allen, Barker, and Hines is dedicated to the late George E. Brown and 
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is written by his former associates and students at the Mayo Clinic. Over twenty years ago Brown testa 
the establishment of a Section in Peripheral Vascular Diseases on the Medical Service of the Mavo Cliai; 
and this book, in large part, represents the clinical experiences of the group. Except for a small surgical 
section, the book is written by internists and embraces the large picture of peripheral vascular diseases. 
Omitted from consideration are arterial hypertension and vascular diseases of the central nervous system. 
The first six chapters are concerned with definition of terms, the anatomy of the peripheral blood vessels, 
and the general principles of diagnosis, including special methods of investigation. In the following 
chapters the principal peripheral vascular diseases are taken up sequentially. In the discussion of each 
disease the historical data are first considered, followed by the pathology, pathological physiology, 
etiology, diagnosis, clinical course, prognosis, and treatment. Four chapters arc devoted to the considera- 
tion of diseases of the veins. At the end of the book one chapter is devoted to special medical technics in 
treatment and one to surgical treatment of certain peripheral vascular diseases. 

This is an excellent book and is a great contribution to medical literature. Physicians working in the 
field of peripheral vascular diseases will find it very useful and, in addition, the general practitioner and 
general internist will find it most helpful for reference since the material is well arranged. There is an 
excellent bibliography with each chapter. A large amount of valuable statistical data from rather com- 
plete studies is presented for all the important diseases, and the enormousness of the careful experimental 
and clinical diagnostic work done on patients by these authors can best be appreciated by those who hast 
worked in this field. For the student beginning an intensive study of peripheral vascular diseases the 
book offers the historical aspect of these subjects and presents him with a number of unsolved problems 
for investigation brought out by a presentation of the pathology and physiology as it is known todiv. 
The sections devoted to clinical diagnosis and special methods of investigation are particularly good. 
The book is well illustrated. 

The somewhat tiresome style of writing, probably unavoidable in a book written in sections by 
various authors, is compensated by the completeness which makes the book valuable to medical students 
as well as physicians. 

While the book can be used profitably by surgeons both as a reference book and for fundamental 
education, it is not designed for them. Only fifty-nine pages of the eight hundred seventy-one are specifi- 
cally devoted to surgical technic. In these are considered amputation for occlusive arterial diseases, the 
surgical treatment of traumatic arteriovenous aneurysms, and rhe treatment of varicose veins. For the 
sake of completeness the reviewer would like to have seen a larger surgical section, particularly mote 
material on the surgical treatment of aneurysms. The whole subject of arterial injuries and arterial 
anastomosis which has been such a problem in military surgery is not discussed. The authors views oa 
the treatment of thrombophlebitis and the whole question of prevention of pulmonary embolism "ill 
undoubtedly interest practicing surgeons, since they are fundamentally opposed to the operatw- 
approach. 
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I. INTRODUCTION 

K NOWLEDGE concerning the formation of the erythrocyte is far less wide- 
spread than that concerning its destruction. The breakdown through the 
various bile pigments has been extensively studied and several of the intermediary 
compounds have been isolated and identified. Although hemin has been synthesized 
in vitro by Fischer and Zeile 1 there is little evidence to indicate that such steps 
take place in vivo. The intermediary compounds have not been isolated, and 
this approach has not been productive. However, it is known that the absence 
of certain dietary essentials retards erythrocyte formation and the addition of 
these essentials to the diet accelerates it. It seems hopeful that a study of the dietary 
factors concerned in the formation of the erythrocyte will define thebuildingstones 
and in time allow them to be pieced together so as to afford an understanding of the 
subject. It might be expected that as each factor is clearly defined, relationships 
will be discovered and the processes of hemoglobin formation and erythropoiesis 
will unfold. It is the purpose of this review to describe those dietary factors 
necessary for erythropoiesis which are now recognized and to discuss the present 
knowledge concerning them. 

The known factors concerned in the formation of the red cell may be divided 
into three groups: vitamins, amino acids, and minerals. It might be supposed 
that these substances could be divided into those concerned with the formation 
of the stroma of the red cell and those concerned directly with the formation of 
hemoglobin. At the present time it is impossible to make this division, and it 
will be necessary to consider the formation of the erythrocyte and hemoglobin 
as one process, erythropoiesis. The term ''hemoglobin formation" has been used 
here loosely, as in the literature, to refer to erythropoiesis. 

From the Department of Medicine, University of Utah, School of Medicine, Salt Lake Cit>. 
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Because of the enormous volume of literature on the subject much of it has h 
to be omitted. Much of the earlier work in which complex diets and crude t 
tracts were used is inconclusive and for this reason has been omitted. Data 
regard to the type of anemia produced have had to be reviewed critically. Althou 
much of the nutritional work has been carefully done detailed hematologii 
studies have been neglected. Studies of the cell size and of the concentration of t 
hemoglobin in the cells have many times not been made. The terms “hypochi 
mic,” “normochromic,” and “hyperchromic” have been used in the literati 
loosely. These terms are employed in this review only when referring to studi 
in which the mean corpuscular hemoglobin concentration was calculated, 
general, only that work which is clearly defined has been reviewed. 

The nutritional, chemical, and physiological approach to the formation of t 
red blood cells is relatively new and views are ever changing. With each chan 
certain concepts are proved false, new ones are added, and others are more firm 
established. This is both natural and desirable. It is a dynamic field for invcstif 
tion. 


II. VITAMINS 


It has long been suspected that vitamins play a role in red blood cell format! 
but it was not until “synthetic” diets were available that a specific vitamin i 
ficiency could be studied. It has now been definitely shown that riboflavin, n 
otinic acid, pyridoxine, and the various “folic acids” are important for red bio 
cell formation in at least one species each. The role of ascorbic acid, pantother 
acid, choline, and biotin in erythropoiesis is not clearly established and there 
no substantial evidence that thiamine, p-aminobenzoic acid, or inositol is cc 
cerned. 

A. Riboflavin. — The role of riboflavin in blood regeneration in dogs on 
purified ration has been carefully studied by Spector, Maass, Michaud, Elvehjei 
and Hart. 2 A mild anemia developed on the purified ration without ribofias 
and a severe anemia was readily induced with slight bleeding. In spite of cessatn 
of phlebotomy the dogs were unable to recover from the anemia. The ascra 
weekly production of hemoglobin was only 2. to 6 grams. The animals showed go< 
hemoglobin regeneration and recovered rapidly from the anemia when 30 micr 
grams per kilo of body weight of riboflavin was administered per day. Onh 
slight and variable hemoglobin production was observed below a level 0 
y per kilo of body weight per day in growing dogs. The adult dog was a e 
show good hemoglobin regeneration at a level of 15 7 per kilo daily. During 
depletion period the anemia produced was of the microcytic hypochromic nf 
If riboflavin was given but phlebotomy was carried out, a decrease in hemog 
hematocrit, and erythrocyte count took place but the anemia was normoc) 
hypochromic in type. From this the authors conclude that riboflavin plajs 2 r 
in determining the size of new red cells. 

Wintrobe, Bushke, Follis, and Humphreys 3 have reported the development 
anemia in two riboflavin-deficient pigs which survived a long time. The a 
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was moderate, gradually progressive, and normocytic. Leukopenia was not marked 
although the leukocyte count at the time of death was low as compared with the 
initial values. Demyelinization of the brachial and sciatic nerves was found in 
one animal. Spinal cord changes were not noted. 

A moderate impairment in the rate of red blood cell and hemoglobulin regenera- 
tion in the rat as a result of riboflavin deficiency has been demonstrated. Anemia 
was noted in a few riboflavin-deficient rats not subjected to hemorrhage. 4 Wais- 
man° has reported that monkeys maintained on a highly purified diet consisting of 
purified casein, sucrose, salts, corn oil, cod liver oil, and adequate quantities of 
pure vitamins except riboflavin, together with a folic acid concentrate, develop an 
unmistakable anemia. Maximal anemia developed in 59 to 108 days. The red cell 
counts fell from a level of 5 to 6 million down to z to 3 million and the hemoglobin 
from 13 to as low as 4 grams. The reduced red cell count usually preceded the 
decrease in hemoglobin. There was also a definite lowering of the white blood 
cell count. In a more recent paper from the same laboratory 15 the presence of anemia 
in monkeys on a riboflavin-deficient diet was confirmed. Determinations of the cell 
size and corpuscular hemoglobin concentration were not done. Upon administra- 
tion of riboflavin there was a definite increase in hemoglobin, red cell and white 
cell count in the blood. 

A relationship between riboflavin and erythropoiesis was suggested but not 
definitely proved in the earlier literature. Johnstone and Reed 7 reported that 
monkeys maintained on riboflavin-deficient diets developed a macrocytic anemia, 
hypochlorhydria, and leukopenia. Their diet, however, was deficient in all other 
members of the B complex except thiamine. Hemorrhagic anemia in rabbits was 
reported as responding in part to riboflavin administration. s Earlier work in the 
dog failed to demonstrate an anemia but myelin degeneration of peripheral nerves 
and posterior columns’of the spinal cord was reported.'- 1 Sebrcll and Onstott 1 " 
reported that dogs maintained on a diet of polished rice, casein, sucrose, corn- 
starch, cottonseed oil, cod liver oil, and salt mixture developed a "hypochromic" 
anemia with hemoglobin values ranging between 7 and 13 grams per cent. The 
bone marrow was reported as being largely fatty. However, there was no constant 
and material improvement in the blood picture following the administration of 
large doses of riboflavin, and it is quite likely that the anemia observed was due to 
pyridoxinc deficiency rather than to riboflavin deficiency. In 1933 Miller and 
Rhoads 11 reported that dogs maintained on a modified Goldbergcr "black tonguc"- 
producing diet developed glossitis, stomatitis, diarrhea, a definite macrocytic 
anemia, and a hyperplastic megaloblastic bone marrow not unlike that seen in 
sprue and pernicious anemia. Since riboflavin was not given to these animals to 
test the response of the blood it was not demonstrated that the changes were due 
specifically to riboflavin deficiency. These animals were also deficient in other 
vitamins. More recent work using purified diets has failed to confirm the presence 
of a macrocytic anemia. Gvorgy, Robschcic-Robbins, anJ Whipple 17 founJ that 
the administration of a synthetic riboflavin to standardized anemic dog, produced 
a definite increase in hemoglobin production above the bisal level Potter. Axelrod. 
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and Elvehjem’ 3 found that dogs on a highly purified diet deficient only in ribo- 
flavin developed a mild anemia with hemoglobin values ranging between 9.9 and 
it. 3 Gm. per cent. 

There is no substantial evidence that riboflavin deficiency in human beings 
results in anemia. Gobell u obtained increases in the red blood cell count of prema- 
ture infants by the administration of nicotinamide and riboflavin. Sebrcll ami 
Butler 15 maintained 18 patients for 335 days on a riboflavin-deficient diet anJ 
found no significant change in the hemoglobin or red and white blood cell counts. 
Moore et a l . 16 found that the hypochromic anemia occurring in patients with 
ariboflavinosis responded favorably and completely to iron therapy alone. Since 
myelin degeneration of the peripheral nerves and posterior columns of the spinal 
cord occurs in riboflavin-deficient dogs it was suggested that this vitamin might 
play a role in the etiology of subacute combined degeneration of the cord. How- 
ever, the absorption and excretion of riboflavin has been shown to be normal in 
patients with pernicious anemia 17 and therapy with this vitamin is ineffective. 
That riboflavin is not the extrinsic factor has been conclusively demonstrated. 


able i . — Hematological Findings in Chrome Nicotinic Acid Deficiency in Dogs. Modified After Handler 

and Fearbmton’-- 
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Klein and Kohn 21 have shown that the synthesis of flavinadenine dinudeotiik 
from riboflavin takes place in human blood cells both in vitro and in vivo. It seems 
possible that this enzyme may be related to erythropoiesis or hemoglobin synthe- 
sis. It is known that d-amino acids are deaminized by an enzyme which contains 
the flavinadenine nucleotide, and Spector et al. 2 have suggested that this vitamin 
may be concerned in the metabolism and arrangement of the amino acids of globim 
B. Nicotinic Acid. — Anemia due to nicotinic acid deficiency was obscure an 
indefinite until Handler and Featherston 22 demonstrated that the parentcra 


administration of physiological saline solution to dogs with acute black tonga- 
resulted in alleviation of the existing hemoconcentration and was associated 
the appearance of severe anemia (table 1). Determination of total blood \olum- 
and total circulating hemoglobin revealed a reduction of 86 per cent in the tou 
circulating hemoglobin. Thus, since the total blood volume was great!) te ac 
the anemia was actually more severe than it appeared to be. The total hemog 
content of the normal dogs averaged 184 grams while the nicotinic acid- c !C !' (o 
animals possessed an average of only 39 grams of hemoglobin. The anemia e 
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vo definite groups in respect to cell size. In one group it was macrocytic with an 
lcrease in the mean corpuscular volume from 66 to 89 cu. microns. The mean 
orpuscular hemoglobin concentration declined in proportion to the increase in 
“11 size. In the second group the anemia was normocytic and normochromic, 
here were no instances of microcytosis. Gastric analyses were performed on 14 
ogs and in no case was there any apparent impairment of acid secretory function, 
'here was no reticulocytosis accompanying the anemia and the total serum bili- 
ubin was not elevated. The anemia failed to respond to the administration of iron, 
rotein, glucose, hemoglobin, antipern icious anemia factor, xanthopterin, and 
obalt. Following the administration of nicotinic acid or nicotinamide there was 
n immediate reticulocyte response which reached a maximum of 15 to 30 per cent 
fter 3 to 4 days and subsided in about 10 days. The red cell counts, hemoglobin, 
nd volume of packed red cells continued to rise following the reticulocytosis and 
eached normal in 30 to 40 days. The red cells returned to their original size in 
very instance. 

Histological examination of the tissues of one dog was made and revealed 
emosiderosis of the spleen. The femur marrow contained hemosiderin granules 
nd in addition appeared ■'exhausted.' 1 The cells of the leukocytic series were 
educed in number and there was little erythropoietic tissue. Erythropoiesis 
ppeared to have stopped at the erythroblast level. These authors postulated that 
ince immature nucleated erythrocytes respire, they probably use pyridine nu- 
leotides in this respiration. As the supply of nicotinic acid diminishes, anemia 
evclops owing to lack of cozymase in the earliest stages of cell development. 

Thus, in dogs, nicotinic acid deficiency results in a severe anemia which is either 
lacrocytic normochromic or normocytic normochromic and is accompanied by a 
lypoplastic bone marrow. The anemia responds to nicotinic acid therapy. 

Nutritional panmyelophthisis in rats 13 - 21 has been reported as being prevented 
iy nicotinic acid. This has not been confirmed. 

The association of anemia with pellagra has long been known. Anemia is re- 
lortcd in various scries to be present in 44, 25 63, 2C and S4 27 per cent of the cases, 
t is variable in nature Huck, 2S Boggs and Padgct, 2 '-' and Mollow and Klein 3 " 
ibservcd a “secondary” type of anemia in all of their cases except one. Turner 23 
n a careful study of 11 anemic pellagrins found that the anemia was cither normo- 
ytic or microcytic and in no instance was it macrocytic in type. Thirty-four per 
ent had erythrocytes with corpuscular hemoglobin concentration less than 
ormal, while in 66 per cent the concentration was within normal range. Spies and 
diinn 26 in a study of 30 severe "alcoholic” pellagrins found that in 75 per cent 
here was a definite increase in the volume of the red blood cells and a color index 
I one or above. In the other 15 per cent there was an anemia which was charac- 
erized by a decrease in the red blood cell volume and color index. Moore, \ liter, 
.linnich, and Spies 31 have reported the occurrence of macrocytic anemia in 36 
i.aticnts who had existed for vears on diets inadequate in animal protein and in 
lie vitamins of the B complex Most of the patients had clinical evidence of 
cllagra, ariboflavinosis, or beriberi Niacin given in conjunction with - other 
nown synthetic B vitamins did not affect the erythropoietic equilibrium Moore. 
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Minnich, Vilrer, and Spies 16 in a study of hypochromicanemia in 32. patients with 
pellagra and other vitamin deficiencies reported that iron therapv alone produced: 
satisfactory reticulocyte response and rate of hemoglobin regeneration. Thus, there 
is no evidence that the anemia associated with pellagra is due to nicotinic acid 
deficiency. Proof that such an anemia exists in man is lacking. 

Gastric achlorhydria occurs in approximately So per cent of the patients with 
pellagra.- 7 However, it has been demonstrated that the intrinsic factor is present 
in the gastric secretions from pellagrins in an amount adequate to form the anti- 
anemic substance. 32 That nicotinic acid is not the extrinsic factor of Castle has 
also been adequately demonstrated. 20 - 33 

It is now generally agreed that an increased excretion of porphyrin in the urine 
is not an essential feature of pellagra and when porphyrinuria appears it is most 
likely due to some alteration of liver function. 31 - 35 

C. Pyridoxine. — The development of severe anemia has been adequately demon- 
strated to result from pyridoxine deficiency in dogs 36-41 and swine. 12-16 A mild 
anemia develops in pyridoxine-deficient chicks 17 and in this species the anemia is 
accompanied by a decreased clotting time, hyperprothrombinemia, and small 
spleens. The earlier reports on pj'ridoxine-deficient rats either failed to reveal the 
presence of anemia or at most only a slight anemia was noted. 1S Kornberg, Tabor, 
and Sebrell 19 have recently studied blood regeneration in pyridoxine-deficient rats 
in detail. A moderately severe anemia was found in 1S per cent. Granulocytopenia 
was present in 4 of these. In 15 per cent a mild anemia was noted. No anemia was 
found in 67 per cent. A latent erythropoietic inadequacy indicated by an impair- 
ment in the rate of red blood cell regeneration after hemorrhage was demonstrated 
in all pyridoxine-deficient rats. 

Morphologically the anemia in dogs and swine is microcytic and slightly 
hypochromic. In dogs there is a reduction of the mean corpuscular volume from 
approximately 70 to 48 cubic microns. The mean corpuscular hemoglobin- concen- 
tration is slightly reduced. In swine the mean corpuscular volume is reduced to an 
average of 38 cubic microns from an average of 58 and the mean corpuscular hemo- 
globin concentration changes from 33 per cent to 2.9 pier cent. The anemia is sever-, 
in both species, the hemoglobin falling as low as 1.4 grams per 100 cc. of blooJ- 
In pigs a volume of packed red cells as low as 9 cc. per 100 cc. of blood has been 
reported. A significant anemia develops in either species within two months. In 
pigs, as anemia develops anisocytosis becomes marked but poikilocytosts is rate. 
The “Price-Jones” curve of distribution of the red cell diameters is shifted toth- 
left" and the mean diameter is reduced. Large polychromatic red corpuscles ma • 
their appearance but are outnumbered by the microcytes. An irregular relief 
cytosis as great as 10 to 12. per cent may appear. A large number of red corpusc 
are seen to contain a single, round and moderately large, blue-staining g r ' 
resembling a nuclear particle. Normoblasts may be increased to as many as ., an 
even 8 pier 100 leukocytes. 

The bone marrow in pyridoxine-deficient swine is hyperplastic. 11 The cn j° , 
marrow is cellular rather than fatty and there is a definite increase in nucleate- r - 


GEORGE E. CARTWRIGHT 


117 

blood cells as well as in undifferentiated "blast’' cells. Following therapy with 
crystalline pyridoxine the marrow becomes normoblastic. Information concerning 
the marrow of pyridoxine-deficient dogs is scant. Fouts et al. 36 made such an 
examination in only one animal, and in this animal the marrow was red and hyper- 
plastic and consisted chiefly of normoblasts . In the one animal studied after therapy 
che bone marrow was normal. 

Hemosiderosis of the spleen, liver, and bone marrow has been reported in 
swine.' 14 There is a great accumulation of hemosiderin in the pulp of the spleen 
which is both intra- and extra-cellular but the granules are conspicuously absent 
from the malpighian bodies. Following therapy the hemosiderosis of the liver and 
bone marrow disappears and that in the splenic pulp diminishes. By restricting the 
intake of iron the hemosiderosis can be entirely prevented. 46 Hemosiderosis in 
pyridoxine-deficient dogs has not been reported. 

Ataxia and convulsions have been reported to develop in both dogs 40 and 
swine 42-45 and pathologically the nervous system shows interesting changes. 
Degeneration takes place in the peripheral nerves, the spinal ganglia, the posterior 
roots, and the dorsal funiculi of the spinal cord. It would seem that pyridoxine, 
like the antipcrnicious anemia substance and copper, is essential to the integrity 
of both the nervous and hematopoietic systems. 

There is no evidence for the presence of a hemolytic element in pyridoxine 
deficiency anemia. McKibbin, Shaefcr, Frost, and Elvehjem 41 reported that the 
plasma bilirubin level was normal in dogs deficient in pyridoxin. Cartwright, 
Wintrobe, and Humphreys 46 studied serum bilirubin, per cent reticulocytes in the 
blood, icterus index, quantitative urobilinogen excretion in the stool and urine, 
and urinary excretion of porphyrin in swine and compared this anemia with that 
induced by phenylhydrazine. They could find nothing to indicate that an increased 
rate of hemolysis occurs in pyridoxine deficiency. 

Elevated plasma iron levels in dogs were reported by Fouts ct al. 30 and confirmed 
by McKibbin ct al. 41 The serum iron which is normally around 1007 per cent rises 
to the extremely high values of 300 to 5007 per cent. The scrum iron increase has 
been studied in detail in swine. 46 The increase begins at approximately the qth 
week of the deficiency and reaches its maximum (330 to 600 7 per cent; between 
the 3th and 10th weeks. Following this the serum iron level tends to decline 
somewhat. Combined iron and pyridoxine deficiency results in an abnormally low 
serum iron level and in this combined deficiency hemosiderosis of the tissues is 
prevented. It would seem, then, that the ferremia of pyridoxine deficiency is caused 
by continued retention of iron at a time when its utilization for hemoglobin 
synthesis is at a minimum. The possibility exists that the absorption of iron is 
increased in pyridoxine deficiency. 

Studies on the nature of the iron in pyridoxine deficiency reveal that approxi- 
mately 95 per cent of the increased iron in the scrum is in a nondtalyzablc, ferric 
state. 46 

Studies on the whole blood copper levels in dogs anemic because of pyridoxine 
deficicncv reveal that this clement is present in the low normal range and that 
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there is a slight rise after treatment with pyridoxine. 41 This would seem to inJia; 
that copper, unlike iron, is not mobilized in the blood of the severely ancmi 
animal. 

Since it is possible that pyridoxine is essential for the synthesis of hemoglobin 
an iron-porphyrin complex, Lepkovsky and Parsons 50 studied the effect of pvri 
doxine deficiency on the synthesis of another iron-porphyrin complex, namdv 
catalase, and found that there was no significant change in the catalase activir 
of the liver, kidney, and heart tissues of the rat. Thus there is no evidence to dat 
that pyridoxine is directly concerned with the synthesis or metabolism of th 
porphyrins. 

It has been shown that a relationship exists between pyridoxine and tryptophji 
metabolism. Pyridoxine-deficient rats, 51 - 52 mice, 52, 53 dogs, 45, 54 and swine" 1 
excrete in the urine abnormally large quantities of xanthurenic acid, a metabolit 
of tryptophan metabolism. The amount excreted is related to the amount o 
1 -tryptophan ingested. 52 , 53 , 55 , 56 It seems that as the protein intake is increase, 
the symptoms of the deficiency become more severe and the survival time is dimin 
ished. 53, 54 ■ 57 Since a deficiency of either pyridoxine or tryptophan gives rise r< 
anemia, the question arises as to whether the two substances combine to form . 
third which is essential to blood formation. If this were true then a deficiency o 
either one should result in the same morphologic changes in the blood. Thi 
cannot be the case since the anemia of tryptophan deficiency is normocytic, it i 
accompanied by a terminal leukopenia, the serum iron level is normal, hypopro 
teinemia exists, the bone marrow is normo- or hypoplastic and there is no hcmo 
siderosis. 57 

In swine, combined pyridoxine and iron deficiency results in a greater antmi; 
than does either deficiency alone. 46 The combined deficiency also results in a lowc 
mean corpuscular volume. In one animal with the combined deficiency the hcmo 
globin reached z Gm. per cent and the mean corpuscular volume diminished u 
Z4 cu. fi (normal 58). 

The anemia of pyridoxine deficiency responds to treatment with synrhcti 
pyridoxine hydrochloride. 35, 39, 41, 42, 44 A reticulocytosis develops reaching • 
peak in two to six days and the reticulocytes may be increased to as much as 30 pe 
cent. Following the reticulocytosis there is rapid restoration of the hemoglobm 
volume of packed red cells, and mean corpuscular volume toward normal ■ 
magnitude of the changes in the blood following pyridoxine therapy appears to • 
related to the size of the dose given, the degree of anemia, and the route 0 a- 
ministration. The highest reticulocyte increases and degrees of increase in hcE J- 
globin and volume of packed red blood cells in pyridoxine-deficient sv, me 1 j 
observed when the anemia was most severe and large amounts of pyridoxine 
given intravenously. Doses as small as 10 and zopg. per kilogram of bod) v, :ip 
by mouth daily" are ineffective in swine. A dose of So Mg- P er kilogram 0 
weight by mouth daily is followed by a definite and pronounced response- 

Many investigators have reported that although the anemia responds top 
doxine, the addition of this factor alone to a synthetic diet is not su ^ 
maintain the hemoglobin at optimal levels. 35, 41, 44, 5S There is at least on- 
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in addition to pyridoxine which is found in liver and brewer’s yeast and which is 
necessary to maintain hemoglobin production. The nature of this factor or factors 
is not known. It is not nicotinic acid, thiamine, riboflavin, pantothenic acid, 
choline, or inositol. 

It has been demonstrated that the anemia does not respond to iron administra- 
tion, either oral or intravenous, or to copper, cobalt, chlorophyll, chlorophyllin, 
concentrated liver extract, tryptophan, corn oil, hemoglobin, or h emin. 46 

Two derivatives of pyridoxine, pyridoxal, the 4-aldehyde of pyridoxine, and 
pyridoxamine, the 4-amine of pyridoxine, have been shown to be 5500 and 800c 
times as active, respectively, in promoting the growth of Streptococcus lactis R as 
pyridoxine. 55-61 The relative value of these derivatives in the prevention and 
treatment of the anemia has not been studied. 

It has been shown that pyridoxine, pyridoxal, and pyridoxamine function as the 
coenzyme of tyrosine, lysine, arginine, and glutamic acid decarboxylase. 67-67 The 
synthetic codecarboxylase prepared from pyridoxal has been found to be active 
with 3 of these enzymes. From these data it has been suggested that one of the 
functions of the vitamin B r , group is to function as a coenzyme of amino acid 
decarboxylases. The relationship between this function and erythropoicsis is not 
obvious. It has been both asserted 55 ' 6S and questioned 65 that pyridoxine plays a 
role in the biological transamination reactions. Recently it has been rather 
conclusively shown that pyridoxal phosphate functions as the cocnzymc of the 
glutamate-aspartate transaminase. 70 The function of the vitamin B c group in protein 
metabolism is therefore at least partially explained by its action in amino acid 
decarboxylation and transamination. 

Pyridoxine has never been conclusively demonstrated to be essential to human 
nutrition. Pyridoxine deficiency anemia resembles pernicious anemia in several 
respects. In both conditions there is an increase in serum iron, hemosiderosis of the 
tissues, hyperplastic bone marrow, and neurological lesions. That they arc not 
the same is evidenced by a microcytosis in one and a macrocytosis in the other. 
Pyridoxine anemia docs not respond to liver extract 56 and it has been shown that 
this vitamin is not the extrinsic factor. 70 Pyridoxine anemia possesses some of the 
features of Mediterranean anemia. In both the red corpuscles arc microcytic and 
hypochromic, serum iron is elevated, and iron-containing pigment is found in the 
tissues. Both types of anemia fail to respond to iron therapy. Goldman and Malava- 
zos 71 have reported that pyridoxine is of value in the treatment of this anemia 
when given in conjunction with pregnancy-urine hormone. The present author 
studied the effect of pyridoxine alone on the same patients reported by Goldman 
and Malavazos and was unable to demonstrate an effect on cither the scrum iron or 
the anemia. 77 

Kark, Lozner, and Mciklcjohn 7 ' treated 4 cases of pellagra, 1 case of "idio- 
pathic” hypochromic anemia, and 1 case of nutritional macrocytic anemia with 
pyridoxine, and in none of their cases did the anemia respond to pyridoxine 
therapy. Moore, Minnich, Yiltcr, and Spies 16 studied ;i patients with hypo- 
chromic microcvtic anemia associated with nutritional deficiency of various types 
and found that iron therapy alone produced a satisfactory reticulocyte response 
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and rare of hemoglobin generation. Brewer's yeast had no demonstrable e/Tcct in 
increasing the efficacy of iron therapy. They concluded that if pyridoxine deficiencv 
was present in these patients it was not accompanied by hypochromic anemia with 
high serum iron levels. It has also been our experience that the serum iron level is 
low rather than high in deficiency states. However, if an associated iron defkiencv 
is present this would be expected since a combination of the two deficiencies in the 
experimental animal results in a low rather than a high serum iron level. 

In our experience pyridoxine has been found to be ineffective in the treatment of 
anemia of nephritis, aplastic anemia from various causes, the anemia of infections, 
pernicious anemia, Mediterranean anemia, and the anemia of malnutrition.'-' 

Cantor and Scott 74 have reported 3 cases of agranulocytic angina of toxic origin 
which responded to the intravenous administration of pyridoxine hydrochloride. 
They suggest that pyridoxine acts by direct stimulation of the myelocytic ele- 
ments of the bone marrow. Fishberg and Vorzimer 75 have reported that pyridoxine 
brings about a rapid and significant rise in the number of circulating granulocytes 
in human beings after a depression caused by thiouracil. These results are rather 
surprising since the white cells seem to be unaffected in experimental pyridoxine 
deficiency. Since granulocytosis may disappear spontaneously, especially when the 
offending agent is removed, acceptance of these claims concerning the value of 
pyridoxine in agranulocytosis must await further evidence. 

D. Lactobacillus Casei Factors. — The various new factors described as haring 


growth activity for Lactobacillus case: and related organisms are many. All of these 
factors have been found to have hemopoietic activity for one or more species of 
animals under certain conditions. Recently considerable clinical interest has 
developed in this group of substances because of the demonstration of the effec- 


tiveness of the synthetic L. casei factor in various macrocytic anemias in relapse. 
The early research in this field illustrates magnificently the importance to clinical 
medicine of so-called "ultrascientific” research. A recent review by Berry and 


Spies 634 entitled "The Present Status of Folic Acid” is available. 

The literature is confusing and difficult to evaluate. Many divergent approaches 
have been used. These approaches have now, in part at least, converged. As furtho 
knowledge is gained and made known it can be expected that further simplification 


will take place. 

In this review the various factors will be discussed separately although man; 
of them have been shown to be identical (table z ~). This is now a somewhat his 
torical approach and is used with that purpose in mind as well as for clarit). 
hematologic manifestations of these factors, or factor, will be discussed separate ) 


and by species. 

1. Norite eluate factor . — In 1940 Snell and Peterson 76 reported that Lacio act ^ 
casei, for maximal growth, required in addition to the basal media a norite 1 tra ^ 
factor and a norite eluate factor, both obtained from yeast. They demonstrate^ 
that the activity of the filtrate factor was due to the content of pyridoxin- a ^ 
biotin. Studies on the norite eluate factor were reported. Solubilized h' ct ^ 
found to be a rich source. The substance was heat stable, very labile to acu-s 
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reducing agents, somewhat more stable to alkali and oxidizing agents, and resis- 
tant to enzyme action. The active substance was precipitated by phosphotungstic 
acid, basic lead acetate, copper sulfate, and sodium bisulfide. It was easily absorbed 
by lead sulfide and fuller’s earth and was insoluble in all common organic solvents 
except glacial acetic acid, formamide, and dioxane. Hutchings, Bohonos, and 
Peterson 77 later prepared a purified concentrate of the eluate factor and presented 
evidence that the active principle was an acid and contained an amino group. 
They also found that their factor stimulated the growth of Streptococcus lactis R as 
well as L. casei. This factor is now considered to be identical with the one to be 
next described. 

i. Lactobacillus casei factor from liver . — Stokstad 78 prepared a concentrate of a 
factor in liver which had microbiological activity for L. casei. He reported that the 
substance contained nitrogen, phosphorus, a pentose and guanine and concluded 


Table 2. — The Lactobacillus casei Factors as Reported in the Literature 


Factor 

Authors 

[ Source 

Biological activity 

! Activity due to 

Norite eluate factor 

Snell, Peterson 

j Liver, Yeast 

L. casei = S. lactis R ! 

l Ptcroylglutamic acid 

L casci fat tor Oliver) 

Stokstad 

[ Liver 

L. casci = S lactis R 

Ptcroylglutamic acid 

Folic acid 

Mitchell, Snell, 
Williams 

Spinach 

L. casci = S. lactis R i 

i 

? Ptcroylglutamic acid 

s lactis R factor 

Kcfcsztcsy. ct al. 

Liver 

S. lactis R > L casci 1 

i ? Ptcroic acid 

Yeast factor 

Stokstad 

Yeast 

L casci > S. lactis R 

> 

Fermentation factor 1 

Hutchings, ct al. 

I 

Unstated 

L casci > S lactis R 

Pteroyltriglulamic 

acid 

Vitamin M 

Day, Langston, 
Shukcrs 

Liver, Yeast ! 

Monkcv 

Ptcroylglutamic acid 

Xanthopterin 

Simmons, Norris 

Svnthctic 

Salmon 

Belated chemically to 
ptcroylglutamic acid 

Vitamin B<- 

Hogan, Parrott 

Liver 

Chick 

Ptcroic acid 

Vitamin B ( Conjugate , 

Bink!c> , ct al. 

Yeast 

Chick 

Ptcroylglutamic acid 

Vitamin ll ( Conjugate 

Mims, el al 

Liver 


Structure unknown 

Vitamin H|.« 

Brigs'., ct al. 

Liv er 

Chick 

Ptcro> Iglutamic acid 

Vitamin liu 

llriggs, ct al 

Liver 

Cluck 

Ftcroj. lglutamu acid 

Pvracin 

c cott, ct al 

S\ nthctii 

None 


Thymine 

Spies, ct al 

nthctic 

Man, S lactis R 

t 


that the substance was a nucleotide. He found that the factor was partially re- 
placeable by thymine and guanine. Later work 79 with purer concentrates showed 
it to be free of phosphorus. This compound has now been isolated and synthe- 
sized. 8 "- 81 Both the natural and synthetic compounds are equally active when 
assayed by L. case t or S. lactis R. The formula has recently been announced c "' and is 
as follows: 


COOH 

HOOC CH : CH.-CH-NH 


N 4- .i-..niir,i>-4-hydroxv-f-ri:Tid\ 1 ' nctli\l :rru .1 t'c 


N N 
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NH CH 




OH 
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Pteroylglutamic acid is the chemical name which has been suggested for this 
compound. The synthetic substance has been placed on the market under the nam: 
“folic acid.” 

3. Folic acid. — Mitchell, Snell, and Williams 82 prepared a concentrate from 
spinach which stimulated the growth of Streptococcus lactis R. This compound was 
too times more active than Stokstad’s original preparation. From diffusion experi- 
ments the compound appeared to have a molecular weight of about 500. Later th: 
molecular weight was reported to be more nearly 400. 83 Their preparation was 
essentially a pure compound and because it was obtained from a leafy material 
was named folic acid. The active material has now been obtained from liver, yeast, 
milk, casein, peptone, and other natural sources. Williams and his group 55- " 
have obtained highly purified concentrates which are 137,000 times more active 
than a standard liver extract. They have reported in detail their concentration 
methods as well as absorption studies and chemical and physiological properties of 
the active material. The compound is markedly unstable to oxidation, reduction, 
acid, alkali, light, dry heat, acetylation, esterification, methylation, benzolation, 
nitrous acid, bromine, and hypobromite. It is highly soluble in water, glacial 
acetic acid, and liquid ammonia but is essentially insoluble in methanol, ethanol, 
butanol, acetone, ether, dtoxine, benzene, petroleum ether, and chloroform. The 
ammonium salt is quite soluble in aqueous alcohol and is very soluble in water. 
They have indicated that the formula may be approximately Q5H15O8N5. Absorp- 
tion studies seem to indicate that folic acid may be convene d by various treat- 
ments to substances which are very closely related chemically but which have 
greatly reduced physiological propeities. Minor changes in structure seem to 
produce great changes in the activity for various organisms. This fact may be of 
significance in considering the next three factors to be described. 

Thymine replaces folic acid if given in sufficient quantities. 78, 5 ' r ss Approxi- 
mately 5,000 times more thymine is required than folic acid and although thymine 
can completely replace folic acid in the nutrition of S. lactis R it does not com- 
pletely replace folic acid activity in the nutrition of L. casei. Stokes 8 ' has suggested 
that folic acid participates directly or indirectly as a coenzyme in the synthesis of 
thymine or a related compound in the lactic acid streptococci. Folic acid has not 
been detected in streptococci grown in thymine medium. Hypoxanthine, allox^ 
azine, alloxantine, guanidine, theobromine, xanthopterin, alloxan, allantoin, anc 
uric acid have slight activity at high concentrations. Absorption studies indicate 
that folic acid contains in its structure a unit very similar to xanthopterin. 

Originally folic acid was considered to be a different substance from the norite 
eluate factor and the liver Lactobacillus casei factor of Stokstad because the com 
pound contained no phosphorus and was active for Streptococcus lactis R. These tv.o 
differences were later reconciled when Stokstad 79 and Hutchings et al.' demm- 
strated that their factors did not contain phosphorus and when it was cm • 
strated that the norite eluate factor stimulated the growth of Streptococcus lactis v 
and that folic acid was equally effective for L. casei . 55- 00 However, s ' nc ^‘, 
.folic acid preparation was not entirely pure it is possible that it contains 8C ' cr j 
of the factors to be mentioned in addition to folic acid. Hutchings, to 'S 
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Bohonos, and Slobodkin 30 have presented evidence on the basis of absorption 
spectra that folic acid is different from the liver compound which they isolated. 

4. Streptococcus lactis R factor of Kcrcsztesy, Rickes, and Stokes . — These workers 90 
isolated a growth factor “from various types of extracts and liver preparations" 
which they believed was neither folic acid nor the norite eluate factor. The sub- 
stance was found to be Z500 times more active for Streptococcus lactis R than for 
Lactobacillus casei. Sebrell 159 noted that this factor was inactive in alleviating the 
anemia and leukopenia occurring in rats following the administration of sulfa- 
guanidine in addition to a purified diet. 

Using the same methods of synthesis as for pteroylglutamic acid except for the 
substitution of p-aminobenzoic acid for p-aminobenzoyl-/ (-f-)-glutamic acid, a 
compound, pteroic acid, has been obtained which is active for Streptococcus lactis R 
but inactive for Lactobacillus casei and the chick. 635 It is possible that this factor is 
identical with Keresztesy's factor. 

5. Yeast factor of Stokstad. — Stokstad 79 isolated a compound from yeast which on 
the basis of microbiological assay he believed to be distinct from the liver L. casei 
factor. The preparation from yeast was found to be only half as active for Strepto- 
coccus lactis R as for L. casei. 

6. Factor of Hutchings et al. — Hutchings, Stokstad, Bohonos, and Slobodkin 1 ’ 0 
isolated a factor in crystalline form from an unstated source which was active for 
L. casei and S. lactis R and also active in the nutrition of the chick but which they 
believed on the basis of absorption spectra to be different from folic acid and the 
L. casei factor isolated from liver. This new compound was S5 to 90 per cent as 
active as that from liver when assayed with L. casei , but only 6 per cent as active as 
the liver compound by S. lactis R assay. This substance is known as the "fermenta- 
tion compound” and has been found to differ from pteroylglutamic acid in that it 
contains two additional glutamic acid groups. 636 Day ct al. 91 found that treatment 
of this preparation with the enzyme solution of Mims et al. 110 greatly increased its 
activity toward S. lactis R. 

7. Vitamin M. — In 1935 Day, Langston, and Shukers 93 reported that young 
monkeys maintained on a diet of casein, whole wheat, polished rice, cod liver oil, 
orange, and a salt mixture supplement lost weight, developed diarrhea and 
gingivitis, and died between the z6th and 100th day of a fulminating fatal blood 
disorder characterized by anemia, leukopenia, and thrombocytopenia. Likewise, 
monkeys maintained on a modified Goldbcrgcr black-tonguc-producing diet 
consisting of corn, cowpeas, casein, cottonseed oil, cod liver oil, and salt mixture- 
developed a similar syndrome. 93 These observations have been amply confirmed by 
other investigators. 91-1 " 5 The addition to the diet of ascorbic acid, nicotinic acid, 
riboflavin, thiamine, copper, iron, various types of concentrated liver extract 
including "anahaemm," pantothenic acid, pyridoxinc, choline, pimctic acid, 
glutamine, inositol, p-aminobenzoic acid, banana, and heated liver extract failed 
to prevent the nutritional cytopcnia. 93 11,3 l ' 6, 1 "‘ The deficient diet supple- 
mented with either dried brewer's yeast or two grams of liver extract 'Cohn 
fraction G), daily, supported good growth, promoted normal body development, 
and maintained a normal blood picture over long periods of time. 1 '' When liver 
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extract was added to the diet of a deficient animal with profound anemia and 
leukopenia a dramatic reticulocytosis occurred and was followed by ultimate 
recovery. The authors proposed the term “vitamin M” for the factor which 
prevented the nutritional cytopenia in the monkey. 100 Wilson, Doan, Saslaw, and 
Schwab 102 reported that the addition of folic acid concentrate to the diet restored 
normal white cell equilibrium. Totter and co-workers 108 assayed a number of 
substances for folic acid by the S. lactis R method and were unable to find a corre- 
lation between folic acid and vitamin M content. However, materials which con- 
tained very little folic acid but which were good sources of vitamin M were 
found to give an increase in S. lactis R assay when incubated with an enzyme 
preparation from rat liver. 100 - 112 Following such an enzymatic conversion of rhe 
potential S. lactis R-stimulating factor there was excellent correlation with the 
vitamin M activity. They then suggested that vitamin M, vitamin conjugate, 
the potential S. lactis R-stimulating factor and the factor antagonistic to the 
succinylsulfathiazole effect in rats were probably similar if not identical. 113 They 
have now demonstrated that vitamin M-deficient monkeys respond to the crystal- 
line L. casei factor of Hutchings etal. 01 • 11J ' 637 

8. Xanthopterin. — Xanthopterin, the yellow pterin pigment of butterfly wings, 
was isolated from the wings of theColias philodice in 1936 bySchopfand Becker. 115 
The compound was synthesized by Purrmann in i94o llc ' 117 and recently a conven- 
ient method for its synthesis has been reported by Totter. 118 The compound has been 
isolated from human urine and liver. 119 - 120 Urinary xanthopterin is known as 
uropterin. 

Sir Frederick Gowland Hopkins first suggested that pterins play a role in hemo- 
poiesis. 121 In 1936 Tschesche and Wolf 122 reported that pterins and particularly 
xanthopterin have hemopoietic activity when administered to rats made anemic 
on a diet of goat’s milk. Simmons and Norris 123 reported in 1941 that the anemia 
occurring in Chinook salmon maintained on a high protein diet in which the 
vitamin B complex was supplied in the form of yeast responded to injections of 
50 7 of crystalline xanthopterin. This has since been confirmed. 1 -’ 1 The photo- 


isomer of xanthopterin was found to be lethal in a similar dose. 

Evidence that xanthopterin is closely related to folic acid has been supplied. 
Wright and Welch 125 in experiments with surviving rat livers have shown that, 
following the incubation of rat liver with xanthopterin, more folic acid is four 
on microbiological assay of the digestion mixture than is present in a similar 
amount of rat liver alone. They also found a substance in urine which was sta^c 
to both heat and acid and which occurred in both a free and combined form. 
When the substance was incubated with fresh rat’s liver there was a demonstra c 
increase in the folic acid content. The evidence suggested that this compoun >> 
related to xanthopterin. Williams and his group, from absorption stu |cs ^° 
xanthopterin and folic acid, have suggested that folic acid contains a structu 
unit very similar to xanthopterin. 83 ' 86, 128 Bloom et al. 12 ‘ state that t 
violet absorption characteristics of vitamin B c coupled with the nitrogen co 
of the compound suggest the presence in the molecule of a pyrimidopy razme . 
structure such as a pterin. Totter and co-workers 1,1 8 • 129 found that the a 1 
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i-5 to io mg. of synthetic xanthopterin to vitamin M-deficient monkeys resulted in 
a reticulocytosis in 3 to 6 days which lasted x to 5 days. White and red cell counts 
increased to normal in 3 to 13 days and remained normal for varying periods. 
Synthetic xanthopterin alone when given to prevent cytopenia failed to protect 
completely but did delay the onset of nutritional cytopenia. In one animal given 
heated liver (previously shown to be ineffective by itself) plus xanthopterin, the 
white and red cell counts were still normal after 71 days. Cessation of xanthopterin 
therapy resulted in a prompt return of the cytopenia and resumption of this therapy 
resulted in a response similar to the first. They also noted that the livers obtained 
from vitamin M-deficient monkeys were low in preformed folic acid and that when 
the livers were incubated with xanthopterin and yeast or yeast alone there was a 
rise in the folic acid content. 109 These authors concluded that the monkey requires 
xanthopterin as well as unidentified factors in liver for hemopoiesis. 

Totter and Day 130 reported that in rats xanthopterin was effective in alleviating 
the leukopenia and counteracting the growth inhibition produced by adding 1 per 
cent succinylsulfathiazole to a synthetic diet complete in all known members of the 
vitamin D complex. Others have been unable to cor firm this 125 13l> 133 and the 
authors now state that they are unable to repeat their own work. O’Dell and 
Hogan 133 have stated that xanthopterin is inactive when fed to nutritionally 
anemic chicks, and Totter, Mims, and Day have found that chicken liver fails to 
produce any extra folic acid from xanthopterin alone. 109 

9. Vitamin B c . — In 1940 Hogan and Parrott 131 presented evidence for the exis- 
tence of an unidentified factor necessary in addition to the known vitamins for the 
prevention of anemia in chicks. A factor in liver designated vitamin B c was found 
to prevent the development of the anemia. This anemia has now been characterized 
and studied, and the preventive factor isolated in crystalline form. 135 All the 
available evidence indicates that the substance is identical with the L. case 1 factor 
isolated from liver and the norite eluatc factor and is at least similar to folic acid. 

O’Dell and Hogan 133 in 1943 pointed out that vitamin B c was acidic in nature, 
formed salts with heavy metals, was destroyed by mineral acids, stable to alkali, 
adsorbed on fuller’s earth and norite, eluted by ammonia, destroyed by oxidation, 
and insoluble in the common organic solvents. Analysis of an ash-free specimen 
gave the following percentage composition: C 52.. 44, 52.-46; H 41S, 4.49; \ T 19. S, 
19.6. The ultraviolet absorption characteristics coupled with the nitrogen content 
suggest the presence in the molecule of a pyrimidopyrazine ring structure such as a 
pterin. 137 A comparison of the ultraviolet absorption curves for xanthopterin and 
vitamin B c brings out very striking dissimilarites although in general they arc 
quite similar. The fact that synthetic L. case 1 factor is effective in preventing the 
anemia in chicks," 1 that crystalline vitamin B r is a highly active growth factor for 
L. castt m and is effective in correcting the anemia in rats maintained on a purified 
diet supplemented with sulfonc compounds 130 together with the demonstration 
that the vitamin B c potenev of the livers from rats receiving succinylsulfathiazole 
is markedly reduced 13, is good evidence that the L. case: liver factor and vitamin B, 
arc identical. Furthermore, both factors have similar solubilities and both arc 
adsorbed on fuller's earth at acid pH levels. 
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10. Vitamin B c conjugate. — Binkley et al. 13 3 observed that certain yeast extract, 

were highly active in vitamin B c activity as measured in the anemic chid- k; 
they had little potency in stimulating the growth of L. casei. Only about 2 to \ 
per cent of the chick antianemic activity could be accounted for in terms of micro- 
biological growth effect on either L. casei or S. lactis R. The methods used fc 
isolating vitamin B c failed when applied to yeast. They noted, however, that rh: 
concentrates of the chick antianemic factor from yeast which were esscnriiUr 
inert in stimulating growth of L. casei became highly active in microbiological 
growth effect following enzymatic digestion. Procedures used for the isolation of 
vitamin B 0 when applied to such digests yielded a pure crystalline componnJ 
which had the same growth-stimulating activity on L. casei and S. lactis R as 
vitamin B c from live r and also produced a comparable effect on the blood picture 
and growth of chicks. The products from the two sources also had the same color, 
crystalline appearance, solubilities, charring points, crystallographic pattern, 
ultraviolet absorption spectra, and elementary chemical analysis. They refcrrcJ to 
the chick antianemic factor in yeast as vitamin B c conjugate and the enzyme 
which formed vitamin B c from it, vitamin B c conjugase. 135 - 141 Subsequent work 
resulted in the isolation of vitamin B c conjugate. 142 The pure crystalline substance 
has an elementary composition of C 49.61 per cent; H 5.36 per cent; N 14.79 f cr 
cent. Comparison of the specific ultraviolet absorption properties of this compound 
with vitamin B c reveals that both have the same chromophoric groups. It appears 
that the molecular size of vitamin B c conjugate is z.8 times that of vitamin B,. 
The data demonstrate that the vitamin B c present in the conjugate molecule as 
calculated from the ultraviolet absorption data and as found by enzymatic micro- 
biological assay is available to the chick. The new crystalline product is only 
slightly stimulating to the growth of L. casei and S. lactis R and can bc clearly 
differentiated from the various L. casei factors on this basis as well as by tn: 
ultraviolet absorption constants. This substance is now known to be pteroyl 
beptaglutamic acid. 636 (] 

Vitamin B c conjugase has been found to be widely distributed in nature. 

633 , 639 Hog kidney, liver, small intestine, and beef liver are rich sources. It ocoits 
in sweet almond and to a lesser extent in potatoes. Only traces have been fovn > n 
molds and none in yeast. 

11. Vitamins B 10 and B n ~ Briggs et al. li3 ~ u5 have demonstrated the existence 

of two water-soluble vitamins which they believe to be separate from the '.in ^ 
factors just described and which are needed by the chick for maintenance 0 n ° ^ 
hemoglobin values, proper feather formation, and normal growth. c 
essential for feather formation has been named B 10 and the factor necessity 
growth B n - Both factors are effective in preventing the development 0 3 ^.; r 
The anemia is stated to be macrocytic and accompanied by leukopenia- to ^ 
studies they conclude that both B I0 and B It , "although distinct cimtics^^ ^ 
be related chemically to the various factors with vitamin aC “ Nl ^.^ j iJV , 
properties are so similar and because compounds with vitamin, c acm 
some vitamin B 10 and B„ activity when fed alone to the chick. , . f()Jjc ja J 

It has now been demonstrated that the addition of 2-5 7 01 s ) n 
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(pteroylglutamic acid) per ioo grams of basal ration entirely prevents the reduced 
growth, poor feathering condition, and low hemoglobin and hematocrit values 
consistently obtained when the basal ration is fed to chicks. 010 Thus all vitamin 
B w and B u activity is due to folic acid. 

Briggs et al. 145 have suggested the existence of another unknown factor necessary 
to maintain normal hemoglobin formation in the chick in addition to those de- 
scribed above. 

iz. Pyracin . — Scott et al. 110 - 117 have presented evidence that either the lactone 
of z-methyl-3 hydroxy-4 carboxy-5 hydroxymethylpyridine (7-pyracin) is required 
in addition to the Lactobacillus casci factor for the complete prevention of the 
macrocytic anemia that develops in chicks fed a purified diet. The results of hemato- 
logical studies showed that %vhen the L. casci factor alone was added to the diet, 
normocytic, hypochromic anemia developed. When ff-pyracin was added alone, 
a macrocytic, normochromic anemia developed. Furthermore, they demonstrated 
that when pure L. casci factor and pyracin were incubated with liver there was a 
marked increase in the S. lactis R-stimulating potency. 118 They have suggested 
that pyracin may form a conjugate with the L. casci factor or that it may enter 
into an enzyme system which brings about the conversion. These results have 
not been confirmed by others 17 and Hutchings, Oleson, and Stokstad 011 have 
found that the addition of ff-pyracin is not necessary for growth or hemoglobin 
formation in addition to the synthetic liver Lactobacillus casci factor. 

13. Hematological manifestations of the deficiency . — a. Rat . — Rats fed sulfonamides 
at a level of 1 to z per cent in purified diets develop a severe granulocytopenia, 
leukopenia, thrombocytopenia, and normocytic anemia in 4 to 6 weeks. 131 • 1U '~ 
151 The white cell count falls from a level of 10 to 16 thousand down to 1 to 4 
thousand. Blood smears are reported as showing marked abnormalities in the 
size, shape, and staining reactions of the red cells and an increase in the number 
of nucleated forms occurs. 180 The anemia has been reported by some authors as 
being hypochromic. 130 The granulocytopenia is pronounced and there may also 
be a reduction in the absolute number of lymphocytes. Severe anemia may be 
produced regularly in rats fed a sulfasuxidine-containing purified diet and subjected 
to hemorrhages, whereas rats fed a purified diet alone do not develop anemia when 
bled to the same extent. 155 Granulocytopenia has been observed in a small per- 
centage of rats fed purified diets without sulfonamides. 1S0 

The histologic picture of the bone marrow varies from almost complete aplasia 
to intense hyperplasia. 157 The total nucleated cell count is only slightly less than 
normal. However, the majority of marrow cells are undifferentiated primitive 
forms with relative increases in myeloblasts and early crythroblasts. Myelocytes, 
adult granulocytes, late crythroblasts and megakaryocytes practically disappear 
Thus there is a maturation arrest in the early stages of the development of the three 
cellular elements of the blood. 15 ' U ' J 

Crystalline L casci factor has been found to have a preventive as well as a cor- 
rective action on the anemia, leukopenia, and thrombocytopenia. i:: A concentrate 
of vitamin B c has also been shown to be effective. irr 

Rats fed thiouracil in a purified diet develop anemia and, m lesser incidence. 
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leukopenia. Animals which receive, concomitantly, thyroxin injections or thyroil 
powder become granulocytopenic and leukopenic. The granulocytopenia 
leukopenia of these rats may be corrected by treatment with synthetic L on- 
factor. 6 ' 12 

b. Chick — The characteristics of the anemia, the leukopenia, and the thrombocyto- 
penia developing in chicks on purified rations deficient in vitamin B c are sum- 
marized in table 3. All workers are in agreement that the anemia is macrocvti; 
134 . 147 . 100—102 anc j that the mean corpuscular hemoglobin is increased. There is 
no agreement as to the mean corpuscular hemoglobin concentration. Various 
workers have found that the anemia is hypochromic, 1C0 - 162 normochromic," 7 
or hyperchromic. 134 - 162 

Anemia is detectable after 7 days. Thereafter it develops rapidly and after iS 
days on the deficient ration the anemia is pronounced. After abouc 9 days the 


Table 3. — The Cytopotetic Effect of Crystalline Vitamin B c on Chick Blood 



Normal 

B ( Def. 

B. Ad.it! 

R.B.C. millions cu. mm 

2.. 17 

0.93 

l.U 

Hemoglobin Gra. % 

7*74 

4.76 

S.cj 

Volume packed R.B.C. cc./ioo cc 

ji.i 

15.0 

30-7 

Mean Corpuscular Volume cu. u 

137 

161 

Hi 

Mean Corpuscular Hemoglobin 

3-1 

51 

3 ? 

Mean Corpuscular Hemoglobin cone. % 

2-S 

3 - 

16 

W.B.C. per cu. mm 

HI - 935 

7,690 

j 14.440 

Neutrophils 

5.733 

5,395 

1 5-?65 

Eosinophils 

449 

2-74 

’-44 

Basophils. 

659 

197 

4 ’S 

Lymphocytes 

11,406 

i, 75 6 

16.961 

Monocytes 

688 

68 

855 

Thrombocvtes cu. mm 

31,180 

zS,oio 



immature red cells are increased and polychromatophilia and basophilia arc co 
dent. Macrocytes with a great variety of sizes and shapes appear on about the i-jt 
day. By the ztst day numerous normoblasts, pronormoblasts, and myeloblasts 
are evident. Active mitotic figures are common. At z8 days the nucleate re 
blood cells present a moderate to marked anisocytosis and poikilocytosis. o 
chromasia, basophilia, and macrocytosis are extremely marked. In addition t- 
nuclei of many of the immature cells become eccentrically placed and the nuc e 
chromatin breaks into fragments within the cells. ^ 

The pattern of the leukocytes deviates considerably from the norma - 
about 9 days the distribution, size, number, and staining reactions o a ' 
cells become progressively' variable as leukopenia develops. The neutrop 1S T 
pyknotic, the nuclei become hypersegmented and acquire a lighter stainl " ^ 

acteristic. Vacuoles appear in the cytoplasm of the lymphocytes a ter ^ 

day. By the 2.8th day the leukopenia is pronounced. The absolute mim ;iuaion \ t 
trophils is maintained. Lymphopenia is extreme and there is a so a rc 
the number of eosinophils, basophils, and monocytes. 
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The thrombocytes undergo considerable alteration in size, shape, and numbers. 
Karyorrhexis and pykncsis develop. After 3 to 4 weeks there is an increase in the 
vacuolation of the cytoplasm along with a general swelling of the granules. The 
degree of thrombocytopenia is extremely variable but generally is not extreme. 

The addition of 5 to 10 micrograms of pure crystalline vitamin B c per 100 grams 
of basal ration prevents the appearance of severe anemia. The addition of 2.0 to 
40 micrograms per 100 grams of basal ration gives nearly optimal protection against 
anemia and thrombocytopenia, whereas xo to 100 micrograms is sufficient for the 
maintenance of normal hemopoiesis in 4 weeks old growing chicks. 102 Synthetic 
L. case! factor from liver has also been shown to be effective in preventing the 
anemia. 81 

c. Monkey . — Monkeys maintained on a diet of refined foodstuffs (vitamin M 
deficiency) 92 - 93 or on a purified diet supplemented with nine crystalline members 
of the vitamin B complex plus ascorbic acid but deficient in the L. case 1 factor and 
related substances develop anemia, leukopenia, and thrombocytopenia. 1M - 104 
The anemia is reported to be normocytic. 105 The most characteristic feature of the 
syndrome is the leukopenia. 105 The total white count is usually reduced from a 
normal value of 15,000 to 1,000-3,000 per cu. mm. A few animals have developed 
white counts of less than 1,000 per cu. mm. All of the white blood cell types are 
involved although there is considerable variation from animal to animal in re- 
gard to cell type distribution. However, there is almost invariably an absolute- 
neutropenia as well as an absolute lymphopenia. 

The peripheral blood smears have not been studied carefully from the stand- 
point of red blood cell morphology. It has been stated’"’ that the bone marrow of 
animals dying from severe leukopenia shows a relative and absolute hypoplasia 
of the myeloid elements but detailed studies of the bone marrow have not been 
reported. 

d. Human subjects. The value of folic acid (preroylglutamic acid) in various 
types of macrocytic anemia in relapse has now been adequately demonstrated 
and repeatedly confirmed. 

Spies ct al. 100 observed a reticulocyte response and an increase in the red cell 
count in patients with macrocytic anemia in relapse. The drug was given orally 
to 4 patients in a dose of 100 to 150 mg. daily and parcnterallv to 5 patients in a 
dose of 2.0 to 50 mg. It was not stated whether these patients had nutritional 
macrocytic anemia or Addisonian pernicious anemia. 

Moore, Bicrbaum, Welch, and Wright 108 noted clinical and hematologic re- 
missions in x patients with Addisonian pernicious anemia following the daily 
oral administration for 10 days of 3c mg and 100 mg. of the synthetic material, 
respectively. One of the patients had an initial red count of i x million cells per 
cu. 111111. This patient developed a reticulocyte peak of 40 per cent on the 7th day of 
therapy. The other patient had an initial red blood cell count of only o 7 to o 95 
million. In this patient a maximal rcticulocytosis of 44.5 per cent was reached on 
the Sth dav Leukopenia and thrombocytopenia were also present and were cor- 
rected bv the administration of I. casct factor. The response of this patient js shown 
in figure 1 . 




E 


GEORGE E. CARTWRIGHT 


*3* 

Observations on the effectiveness of synthetic folic acid in the treatment of 
Addisonian pernicious anemia have now been confirmed many times. 013-018 The 
first change noted is an improvement in the general well-being of the patient 
on about the 3rd day of therapy. This is followed in a day or so by a marked re- 
ticulocytosis reaching a maximum between the 6th and 10th days of therapy. 
There is a gradual rise in leukocytes, platelets, red cells, hemoglobin, and volume 
of packed red cells to normal. The immediate response is quantitatively and qual- 
itatively equal to that following liver extract therapy. The effect of synthetic 
folic acid on the neurological manifestations of pernicious anemia remains to be 
determined. The exact minimal and optimal doses of folic acid have not been 
determined but a daily dose of 5 to 10 mg. either orally or parenterally will often 
produce a maximal response. 

Synthetic folic acid has been found to be effective in alleviating the hematologic 
as well as many of the other manifestations of sprue. This observation was first 
made by Darby and Jones 107 • 010 and has since been confirmed by them as well as 
by others. 108 - 011 - 010-052 The substance is effective in both nontropical and tropical 
sprue. The administration of 15 to too mg. daily of the drug is followed by a 
reticulocytosis and rise in the leukocytes, platelets, red count, hemoglobin, and 
volume of packed red cells to normal. The glossitis disappears in 3 to 4 days, after 
which there is rapid regeneration of papillae. There is an improved sense of well- 
being, an improvement in appetite, and a decided gain in body weight. The sternal 
marrow returns to normal. Improvement in the absorption of glucose and water- 
soluble vitamins has been noted. Spies and his associates in Cuba and Puerto Rico 
have observed a profound effect on the alimentary tract of persons with sprue 031 
and state: “Roentgenograms of the gastro-intcstinal tract showed that the highly 
irritated bowel tends to become normal. There is a marked improvement in the 
diarrhea. The number of stools per day decreases and the feces, loose and bulky 
before therapy, usually become formed and essentially normal in appearance.” 
Darby, Jones, and Johnson 053 failed to observe improvement in the absorption 
of fat in 1 cases during a 2. month observation period. Spies likewise has found that 
the steatorrhea of the more chronic cases is little affected. 051 

Synthetic folic acid has been found to be effective in the treatment of nontropical 
nutritional macrocytic anemia, 013 - 011 macrocytic anemia of infancy with megalo- 
blastic bone marrow, 053-055 macrocytic anemia of pregnancy, 100 - 011 macrocytic 
anemia associated with alcoholic cirrhosis of the liver, 015 and macrocytic anemia 
associated with carcinoma of the stomach. 011 

Watson, Scbrell, McKclvcv, and Daft 171 noted an increase in the leukocyte count 
after the daily oral administration of 5 mg. of L. case: factor to 7 patients who had 
developed leukopenia following roentgen-ray therapy. Berry, Spies, and Doan 
administered synthetic folic acid parenterally to leukopenic malnourished patients 
and noted a transient rise in the leukocytes in some cases. 057 

No response to folic acid has been observed in cases of aplastic anemia, leukemia, 
or iron deficiency anemia. 171 - ° 15 - 050 Folic acid has not been found to be of value 
in correcting the leukopenia of influenza, or the panbemaropenia of myelophthisic 
and idiopathic states. 031 Newman and Jones 05 ' noted the failure of crystalline 
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folic acid to prevent the development of agranulocytosis in a patient rcccivf- 
thiouracil. 

Spies and co-workers 659 - 861 have administered large doses (4 to 11 grams') c: 
thymine (5-methyl uracil) to 10 cases of Addisonian pernicious anemia Th 
clinical and hematological improvement was found to be similar to that which 
follows the administration of folic acid to such patients. The exact mode of actio: 
of thymine is obscure but the authors speculate that perhaps folic acid acts as 
an enzyme or coenzyme in the synthesis- of thymine or a thymine-like compound. 

The recent advances in the therapy of Addisonian pernicious anemia just de- 
scribed lead naturally to questions as to the identity of the extrinsic factor, th; 
intrinsic factor, and the antipemicious anemia substance in liver as postulated bv 
Castle. It can be stated that the folic acid is probably not the extrinsic facto; 
alone since it acts orally in the absence of normal human gastric juice and is ef- 
fective parenterally. However, as Moore 16s points out, caution must be used in 
making this differentiation since there is no information as to what effect Castle's 
extrinsic factor would have were it to be injected intravenously in pure form. 
That folic acid is identical with the effective substance in liver is unlikely for two 
reasons. At least x to 5 mg. daily are necessary to obtain an effective response. 
Good responses with as little as 0.7 mg. of highly purified liver extract given 
intravenously for 3 days have been obtained. 169 Secondly, purified commercial 
liver extract does not possess significant L. casei activity to explain its therapeutic 
activity. 125 - 170 Welch, Heinle, Nelson, and Nelson 662 have recently made several 
interesting observations. They found that pteroylglutamic acid (folic acid) was 
released from pteroylheptaglutamate (vitamin B c conjugate) in a normal individual 
but not in a patient with pernicious anemia. When x pernicious anemia patients 
were given injections of purified liver extract the urinary excretion of pteroyl- 
glutamic acid (L. case: factor) doubled. The addition of purified liver extract to 
sternal marrow from patients both with and without pernicious anemia frequently 
augmented the formation of L. casei factor from added pteroylheptaglutamate 
(/;/ vitro at pH 4.5 but not at pH 7.0). Surprisingly, however, when pteroylhepn- 
glutamic acid was incubated with normal human gastric juice no free folic aci 
was released and when a patient with pernicious anemia in relapse was given the 
heptaglutamate orally for 11 days with normal human gastric juice no reticulocyte 
response occurred. This latter finding is difficult to explain but in general the 
suits seem to indicate that in pernicious anemia it is the conjugase system v 
is at fault and that a constituent of liver extract may be a component of the cor 
jugase system or may counteract the effect of conjugase-inhibiting substan 
These findings would account, in part at least, for the failure of pernicious ^ ~ 
patients, to derive adequate amounts of folic acid from the diet since in 
the compound may occur principally in the conjugated form. _ cf)[c j 

E. Extrinsic Factor— It has now been 17 years since Castle first 
evidence concerning a dietary factor which when incubated with a hcc ° r ‘ kjg ,, } 
human gastric juice formed a substance effective in the treatment 0 { ^ 
anemia. 172 - 175 As each new B vitamin has appeared it has been teste ^ 
that it might be the active factor. It has now been demonstrated t a 
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riboflavin, 20 ’ 176-178 nicotinic acid, pyridoxine, pantothenic acid, p-aminobenzoic 
acid, choline, inositol, biotin, and xanthopterin are all inactive given either singly 
or in combination. 20 The possible identity or relationship of the extrinsic factor 
with one of the substances of the L. casei factor group, especially pteroylhepta- 
glutamic acid, has just been discussed. 

Beef muscle, 172 yeast, 179 wheat germ, 180 milk, 181 purified casein, 20 liver, 182 eggs, 19 
and rice polishings 19 have been shown to contain significant amounts of the factor. 
Several commercial “vitamin-free'' casein preparations contain extrinsic factor 
according to Castle. 20 Complete removal can be attained by repeated precipitation 
or by extraction with dilute acid or with alcohol. The active factor can be removed 
from beef muscles by repeated extractions with dilute acetic acid 20 or by extraction 
with 70 to 80 per cent alcohol. 183 It is water soluble, thermostabile, resistant to 
alkalinization, readily soluble in 70 to 80 per cent alcohol but rapidly destroyed 
in 95 per cent alcohol. 183 The active substance is ultrafiltrable and cannot be ex- 
tracted from an 80 per cent alcoholic solution with ether. 183 Following saturation 
of an alcoholic extract of beef muscle with ammonium sulfate the activity is found 
in the precipitate. 183 

The existence of an anemia due to a deficiency of Castle's extrinsic factor has 
been clearly demonstrated by Moore, Vilter, Minnich, and Spies. 31 These workers 
have described the occurrence of macrocytic anemia in 56 patients who had existed 
for years on diets inadequate in animal protein and in the vitamin B complex. 
Most of these subjects had at one time shown clinical evidence of pellagra, aribo- 
flavinosis, or beriberi. The most striking clinical manifestations were weakness, 
pallor, glossitis, skin changes, and intermittent or persistent diarrhea. Eighteen 
of the patients showed signs of mild peripheral neuritis, but combined system 
disease was not observed. The anemia as well as the bone marrow was cytologically 
indistinguishable from true Addisonian pernicious anemia. The mean corpuscular 
volume ranged from 105 to 163 cubic microns and the mean corpuscular hemoglobin 
concentration from 2.7 to 38 per cent. Blood smears showed marked anisocytosis, 
poikilocytosis, polychromatophilia, and an occasional nucleated red cell. In 
most cases there was an associated neutropenia and thrombocytopenia. Nuclear 
hypcrsegmcncation of both neutrophils and eosinophils was common. The bone- 
marrow showed a shift to the younger forms of nucleated crythroid cells with 
many mcgaloblasts and early crythroblasts. Free hydrochloric acid was found in 
the gastric contents of iS patients. In 5 of these the acid was present only inter- 
mittently. In 4 patients a persistent achlorhydria was demonstrated All evidences 
of increased hemolysis were absent and the scrum iron values were cither low or 
in the normal range. Following the administration of an So per cent alcoholic 
extract of beef muscle a rcticulocytosis developed and after prolonged administra- 
tion the erythrocytes increased in number All of the subjects showed a prompt 
therapeutic response to the parenteral injection of highly purified liver extracts. 
Studies on the pathogenesis of the anemia indicated that it was probably caused 
by a dietary dcficicncv of extrinsic factor associated in many, hut not all, instances 
with poor absorption from the intestinal tract. Inadequate production of intrinsic 
factor was thought to be a complicating factor in some of the cases Thiamine, 
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nicotinic acid, riboflavin, calcium pantothenate, pyridoxine, inositol p ara . Jr ;. 
benzoic acid and choline given together both orally and parentcrafjy Wcr . 
fective in relieving the anemia. The anemia, leukopenia and thromboevtotr . 
all respond rapidly to pteroylglutamic (folic) acid therapy. '«■ c « ' 1 " 
Wills reported the occurrence of macrocytic anemia of nutritional orim 
India. 07 ' 184 “ 18C The anemia is present in the lower classes which subsist on a f 
protein diet consisting principally of cereal grains. Although the blood and Kz 
marrow pictures are indistinguishable from pernicious anemia there are sere 
important differences. Nutritional macrocytic anemia is not accompaniej I 
achlorhydria, the disease has an earlier age incidence, although it occurs equal 
in the two sexes, the anemia is frequently associated with pregnancy, 1 ” th: 
is no evidence of increased blood destruction, there is an absence of neurolop 
involvement, and the anemia fails to respond to the purified liver extract .malum 
which is so effective in the treatment of Addisonian pernicious anemia. The cc 
dition responds promptly to crude liver extracts such as campolon or to marmi 
an autolyzed yeast extract. On the basis of the response to marmite, a substar 
which is ineffective in true Addisonian anemia, and its failure to respond to ; 
ahaemin Wills concluded that the anemia is due to a deficiency in the diet of so: 
factor at present unidentified but other than Castle’s extrinsic factor. Napier, 1 "- 
after studying nutritional macrocytic anemia in Calcutta, arrived at essentia 
the same conclusions except that, in addition, he found a group in which "anah 
min” was effective ; in these he felt that malaria was a predisposing factor, f 
and Kondi 100 have reported the occurrence of a nutritional macrocytic aner 
in Macedonia similar to that reported by Wills but differing in two import: 
respects: the anemia was associated with a high indirect van den Bergh react: 
and responded rapidly to "anahaemin.” In a derailed description of nutritio: 
macrocytic anemia in Macedonia Fairley, Bromfield, Foy, and Kondi 151 dist 
guished two distinct subgroups, hemolytic and nonhemolytic. Many of tb 
cases were complicated, however, by malaria, splenomegaly and parasitic 
festation, and leukopenia and purpuric manifestations were often present. V 
concluded that the nonhemolytic cases were due to an uncomplicated dietary 1 
ficiency and suggested that in the hemolytic group chronic malaria supp tc 
additional hemolytic factor. Their cases responded slowly to large doses of tnar/n 
or to “campolon” injections. Fairley 192 has since reported an instance o t 
type of anemia in an Indian which responded satisfactorily to andwe® 
Others have recorded a response to cruder preparations. 103 Rodriquez- 0 in , 
has reported z cases occurring in Puerto Rico. One of these responde to 
liver extract and the other to marmite. Macrocytic anemia in Kenya as cc 
ported by Anderson and Roberts. 195 Whether or not these anemias tc'pot c 
various parts of the world are due to a deficiency of Castle s extrinsic aC ® ^ ^ 
be determined from the confusing and conflicting evidence now a \ al * ^ 
cerning their response to various liver fractions. It would be interesting^ ^ 
if these tropical nutritional macrocytic anemias respond to t e 


oylglutamic acids. 

Recently Watson and Castle 196 have made observations on 3 


female p at h 
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with nutritional macrocytic anemia occurring in the United States. These patients 
failed to respond to parenteral liver therapy but responded promptly to orally 
administered liver extract. They concluded that these patients had a deficiency 
of some substance other than the principle effective in pernicious anemia and 
that the "unitarian” hypothesis concerning the etiology of pernicious anemia 
and other nutritional macrocytic anemias did not apply to these patients. It is 
now known that this type of anemia responds to pteroylglutamic acid. This would 
be expected since these patients probably have a deficiency of folic acid rather 
than a faulty conjugase enzyme system as in true pernicious anemia. 

Wills 01-06 - 197 produced a macrocytic anemia with a megaloblastic marrow in 
monkeys by maintaining them on a diet based on one in common use among poorer 
class Mohammedans in Bombay, where nutritional macrocytic anemia is common. 
The diet consisted of polished rice, margarine, salt, iron, white bread, cod liver 
oil, and either tomatoes or carrots. Anemia of severe degree developed. Megalo- 
blasts were constantly present in the peripheral blood at the height of the anemia 
and normoblasts were significantly increased. In all cases the van den Bergh tests 
were negative. The anemia responded rapidly with a marked reticulocytosis 
following the administration of marmite, or following campolon. ■■Anahacmin,’' 
a purified liver extract extremely potent in the treatment of pernicious anemia, 
was repeatedly ineffective. The active substance in marmite and campolon has 
been shown to be precipitated by mercuric acetate 1 '" 1 and to be present in the soluble 
fraction after fractionation with ammonium sulfate. The insoluble fraction which 
is highly effective in pernicious anemia was ineffective in the treatment of the 
monkey anemia. From this Wills has concluded that the substance active against 
■ the experimental anemia is separate and distinct from the extrinsic factor of Castle. 
Both substances, however, have very similar characteristics. Both arc water-sol- 
uble, soluble in dilute acetic acid, resistant to autoclaving, and soluble in So 
per cent alcohol but rapidly inactivcd in 90 per cent alcohol. The relationship 
between the anemia produced by Wills and vitamin M deficiency is not clear. 
Morphologically they are reported to be quite different. The effect of folic acid 
on the monkey anemia of Wills has not been reported. 

A macrocytic anemia has been produced in rats 10 ' 1 and dogs 20 "’ 201 but in both 
of these animals the anemia was complicated by Bartonella infection. The anemia 
which Rhoads and Miller 202 produced in swine was not definitely macrocytic as 
they claimed. Cartwright, Wintrobc, and Humphreys 003 maintained a single pig 
on a diet in which highly purified casein (supposedly lacking in extrinsic factor) 
was substituted for crude casein and to which z per cent sulfasuxidinc was added. 
The animal failed to grow normally and developed partial alopecia and a nor- 
mocytic anemia. Following treatment with a highly purified anupcrnicious anemia 
liver extract growth was resumed and the blood returned to normal. 

F. Ascorbic Acid - It has been conclusively shown that the scorbutic state 
in guinea pigs as well as in human beings is frequently accompanied by anemia. 
The nature and etiology of the anemia is obscure. The effect of pure ascorbic acid 
is in dispute. 

1. hi animals.- Meyer and McCormick 2 " 3 in 19ZS reported the regular o,uir- 
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rencc of anemia in experimental scurvy in guinea pigs. They suggested, without 
presenting much evidence, that the anemia was due to increased blood destruction 
Mettier and Chew 204 reported reduction in hemoglobin to 6 to S Gm. per cent in 
guinea pig scurvy. Beginning 3 to 4 days prior to the death of the animals in- 
creasing numbers of reticulocytes appeared in the peripheral circulation. Examina- 
tion of the blood smears revealed slight poikilocytosis, anisocytcsis, polychro- 
matophilia, and stippling. The bone marrows were hyperplastic with an increased 
number of normoblasts, suggesting a maturation arrest at this stage. Folio wine 
the ingestion of 3 cc. of orange juice daily a reticulocytosis began usually on about 
the 3 d day and reached the peak of production within 5 to 7 days. Following the 
reticulocyte response, there was an increase in the red blood cell and hemoglobin 
concentrations and a disappearance of the signs of scurvy. The bone marrows 
showed active and complete red cell maturation. Aron-’ 05 maintained guinea pigs 
on a scorbutigenic diet supplemented with ascorbic acid for more than 50 days 
and no anemia developed. When the ascorbic acid supplement was withdrawn 
anemia developed. The addition of iren failed to prevent the development of 
anemia when the ascorbic acid was withdrawn. The anemia was quickly re- 
lieved in the less severe cases by the administration of ascorbic acid. In other 
instances ascorbic acid failed and germinated oats were required to relieve the 
anemia. Sigal 206 has demonstrated that the addition of ascorbic acid to a scorbuti- 
genio diet prevents the development of anemia in the guinea pig. The morpho- 
logical characteristics of this experimental anemia have not been carefully studied. 
Edel has reported that both the peripheral blood and the bone marrow show 
marked erythroblastosis. 207, 20S 

z. hi human subjects . — The frequent occurrence of anemia in human scurvy 
has been reported by many authors. Mettier et al. 209 state that in a large group 
of cases of scurvy in adults one may expect to find about one-third with red cell 
counts between z and 3 million per cubic millimeter, about one-third with red 
cell counts between 3 and 4 million, and the remainder with slight or no anemia. 
The red cells have been reported as being macrocytic, normocytic, and microcytic 
or hypochromic. McMillan and Inglis 210 in a study of 40 anemic scorbutic patients 
found macrocytic anemia in z, normocytic anemia in 18, simple microcytic anemia 
in 14, and in 6 patients the anemia was microcytic hypochromic. Nucleated red 
blood cells were never seen and there was no reticulocytosis. The sternal marrows 
of 6 patients were examined. Five were normoblastic, 1 megaloblastic. Two of the 
former showed a few megaloblasts. The presence of megaloblasts was associated 
with achlorhydria in z instances and a low free HC 1 in another. One patient with a 
marked macrocytic anemia and normoblastic marrow had normal gastric secretion. 
As a result of various combinations of therapy they concluded that (1) the anemia 
observed was of nutritional origin, (z) ascorbic acid alone was not the cause of the 
anemia, ( 3 ) iron deficiency played a very minor part, (4) hemoglobin and red cell 
regeneration with reticulocytosis occurred in scorbutic patients on a vitamin C-frcc 
diet, and finally (5) that ascorbic acid was necessary in some deficient individuals 
before the anemia would respond to treatment. Parsons 211, 212 stated thac in a scries 
of 14 children suffering from scurvy 7 were anemic. The anemia was normocytic 
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normochromic in 3, normocytic hypochromic in z, and macrocytic in z. All cf these 
patients failed to respond to iron but responded to the administration of ascorbic 
acid without any other alteration in the diet. Vilter and Woolford 213 studied 10 
male adults with scurvy, 8 of whom had anemia. The red blood cell counts ranged 
from 1.74 to 3 million and the hemoglobin levels from 5.8 to 10.5 Gm. The cells 
were normocytic or moderately macrocytic. The reticulocytes fluctuated between 
3 and 10 per cent and the icterus indices ranged from 10 to zz. The urine contained 
excess urobilinogen but no bile and the blood serum gave the indirect van den 
Bergh reaction in each instance. The bone marrows were of varying degrees of 
ccllularity and in each case there was an increase in normoblasts. The anemia in all 
cases responded specifically to ascorbic acid. During the treatment period the 
patients were fed a diet free of vitamin C and low in the vitamin B complex. 
Gottlieb 211 reported 4 cases of “bachelor scurvy” associated with a high color- 
index anemia. In che z cases in which gastric analyses were done, hydrochloric 
acid was present in normal amounts. The patients were given a hospital diet plus 
ascorbic acid, the anemia responding satisfactorily. Jennings and Glazebrook 215 
reported z cases of adult scurvy with anemia. In the first case there was definite 
macrocytic anemia as well as achlorhydria. Constant reticulocytosis, polychro- 
masia, anisocytosis, and leukopenia were also observed. The bone marrow was 
hyperplastic with megaloblasts present. The anemia failed to respond to either 
liver or iron and was cured with ascorbic acid. The second case was characterized 
by normochromic normocytic anemia and megaloblastic bone marrow. A complete 
response was obtained with ascorbic acid. Mettier, Minot, and Townsend 21 ' 0 
found anemia in 8 of 9 cases of scurvy in adults. A normoblastic bone marrow was 
found in the z cases in which marrow examination was performed. The anemia 
responded to foods rich in vitamin C with prompt reticulocytosis and rapid 
regeneration of blood. Large doses of iron and liver had no effect. Others have 
reported that iron and liver preparations were useless and that the anemia re- 
sponded to either pure ascorbic acid or to vitamin C-containing foods. 21 r, ~ 21 3 
There arc several reports which fail to demonstrate a relationship between 
ascorbic acid and crychropoicsis. The most convincing of these is the report of 
Crandon, Lund, and Dill. 220 A normal active adult placed himself on a vitamin 
C-frcc diet supplemented with the other known vitamins for a period of 6 months. 
Although many manifestations of ascorbic acid deficiency appeared, anemia did 
not develop in spite of a blood loss from venesection of over 6 liters. Lozncr 221 
made observations in 5 patients with “presumptive vitamin C deficiency and 
anemia." In 4 of these, regeneration of hemoglobin took place spontaneously or 
in response to iron therapy alone. He concluded that “hemoglobin regeneration 
may occur in the absence of reduced ascorbic acid from the blood by chemical 
test." Actually only plasma ascorbic acid determinations were made. It is now 
generally recognized that a low level of vitamin C in the plasma does not neces- 
sarily indicate scurvy. It should be noted that one of Lozner's cases was compli- 
cated by a bleeding peptic ulcer, another by alcoholic pellagra, and a third was a 
woman with achylia, a urinary tract infection, and a history of nine pregnancies. 
Croft and Snorf 2 - 2 have been quoted as presenting evidence that synthetic vitamin 
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C is not the antianemic factor in scorbutic anemia. 210 - 221 Actually the patients 
studied by them had none of the signs or symptoms of scurvy. The group consisted 
of ioo hospital patients taken indiscriminately who suffered from peptic ulcers 
cirrhosis of the liver, infections, and a wide variety of other diseases. In all the 
ascorbic acid in the plasma was low. There is no reason to believe that the anemia 
which they treated unsuccessfully with ascorbic acid was due to scurvy. Other 
adequate and more likely causes for anemia were present. 

Liu, Chu, Yu, Hsu, and Cheng 223 selected 16 anemic children from an institution. 
One-half were treated with ascorbic acid and one-half with ferrous carbonate. 
Eleven of the 1 6 cases according to the figures presented had macrocytic anemia. 
The iron-treated group responded with a marked rise in the erythrocyte count and 
hemoglobin although no reticulocytosis was noted. The group treated with 
ascorbic acid failed to respond. They concluded that the anemia was not due to a 
lack of vitamin C but related in all probability to a concomitant iron deficiency. 
It is strange that of the 8 patients reported as responding to iron only i had a 
microcytic anemia and 6 had macrocytic anemias. The absence of a reticulocytosis 
is also unusual. Whether there was increased capillary fragility in these cases is not 
clearly stated. Ralli and Sherry 224 maintained an anemic, scorbutic patient on a 
diet devoid of vitamin C but adequate in all other respects for 52. days. There was 
no further reduction in either the number of red cells or in the percentage of hemo- 
globin. Ascorbic acid therapy was discontinued on another patient after a response 
had occurred; after 45 days on a scorbutic diet no anemia appeared. Kenney and 
Rapoport 216 observed 3 scorbutic infants in whom there was no response to ascorbic 
acid but a good response to iron. Several authors have observed reticulocytosis and 
hemoglobin regeneration on a vitamin C-free diet. 221 - 225 - 226 

The literature dealing with the relationship of ascorbic acid to hemoglobin and 
red cell formation is difficult to evaluate. With the data available at the present 
time it would not be wise to draw dogmatic conclusions. Clinical scurvy is ob- 
viously complicated in many cases by multiple deficiencies, infection, and hemor- 
rhage. It should not be expected that the blood picture would be uniform or that 
the therapeutic response to a certain substance would be constant in all cases. If 
several factors are deficient, the administration of only one of these should have 
little effect on red blood cell regeneration. 

G. Other Vitamins.— r. Pantothenic acid .- — The presence of a moderate normocync 
anemia in dogs maintained on a diet deficient in filtrate factor II (pantothenic acid) 
was noted by Fours, Helmer, and Lepkovsky. 227 Wintrobe et al. 22S noted a moder- 
ate normocytic, normochromic anemia in 13 of 18 pigs raised on a highly purified 
diet deficient in pantothenic acid. In 7 of the 13 animals the volume of packed red 
cells ranged between 35 and 40 cc. per 100 cc. of blood (normal 41 to 51)- In the 
remaining 6 animals the volume of packed cells ranged between 24 and 33 cc. In the 
l animals receiving treatment with calcium pantothenate the anemia became less 
pronounced, the volume of packed red cells rising from 15 to 38 cc. in 1 anima 
and from 33 to 39 cc. per 100 cc. in the other. 

It has been reported 225 that a deficiency of pantothenic acid in rats may resu t m 
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anemia, granulocytopenia, and bone marrow hypoplasia. These changes, however, 
were not produced in all of the animals. Although the inclusion of pantothenic 
acid in the diet almost completely prevented the appearance of anemia, it did not 
do so completely and therapy with this vitamin was even less successful once the 
deficiency was established. Some of the rats responded to L. casei therapy. It seems 
that a deficiency of pantothenic acid predisposed the animals to L. casei factor 
deficiency and that the prophylactic administration of pantothenic acid prevented 
the development of this complication. The therapeutic administration of panto- 
thenic acid at times seemed to arrest the deficiency of L. casei factor. There was 
also evidence that instead of, or in addition to, L. casei factor deficiency there 
developed a deficiency of an unidentified vitamin. 

2.. Choline . — A marked decrease in hemoglobin and volume of packed red cells in 
dogs with a severe choline deficiency has been reported by McKibbon, Thayer, 
and Stare. 230 Treatment with choline failed in most cases to restore the blood en- 
tirely to normal but this may have been due to marked and irreversible damage to 
the liver. 

3. Biotin . — Data have been presented by Ruegamer, Michaud, Elvehjem, and 
Hart 231 which indicate that biotin is necessary for the production of hemoglobin 
values greater than 14 grams per cent in dogs maintained on a highly purified 
alcohol extracted casein ration. Without biotin in the diet it was found that there 
was a plateau in hemoglobin values at 11 to 14 grams per cent and severe achromo- 
trichia developed. No evidence that biotin deficiency in the rat has a significant 
effect in red blood cell or hemoglobin regeneration has been found. 4 

4. Monkey anemia factor . — Monkeys maintained on a purified diet supplemented 
with a folic acid concentrate and all of the known vitamins except riboflavin 
develop a hypochromic anemia and a leukopenia, as mentioned previously. 6 
Upon the administration of riboflavin a definite increase in hemoglobin, red cell 
and white cell count in the blood has been observed but a plateau below normal is 
soon reached. Iron, "pseudo-pyridoxine,” i:zo liver powder, extracted liver 
residue, and increasing the casein level to 14 per cent have proved ineffective in 
restoring the blood picture to the normal level. A factor (or factors) found in 
whole liver substance was necessary for optimal blood regeneration. Thus, it 
would seem that monkeys require an additional factor for erythropoiesis. This 
factor (or factors) is evidently labile since commercial extraction procedures used 
to prepare 1:1.0 liver extract and extracted liver residue from whole liver destroyed 
nearly all activity. Fresh liver was found to be a more potent source than whole 
liver powder. Lyophilized liver retained all of the active principle of fresh liver. 232 

5. Pigeon anemia factor . — The presence of an anemia was noted in early experiments 
in which beriberi was produced by maintaining the birds on a diet of polished rice. 
Recent experiments using a purified diet have demonstrated that the anemia does 
not respond to thiamine, riboflavin, pyridoxinc, nicotinic acid, pantothenic acid, 
choline, para-aminobcnzoic acid, and inositol. 233-230 The anemia does respond to 
yeast or crude liver extract. The possibility that the anemia is due to a deficiency 
of folic acid has not been ruled out although folic acid is adsorbable on fuller s 
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earth at pH 1, whereas the pigeon factor is very poorly adsorbed on fuller’s earth 
at pH 4.0. Whether the dissimilarity in adsorption may be due to the difference i- 
pH is not known. 

6. Guinea pig anemia factor . — Severe anemia and leukopenia have been reported j n 
guinea pigs fed succinylsulfathiazole and maintained on purified rations supple- 
mented with the known vitamins, linseed oil meal, and solubilized liver. Thu, 
there is convincing evidence that guinea pigs require an additional factor (or fac- 
tors) for the maintenance of normal leukocyte and hemoglobin levels. This factor 
(or factors) is supplied in part by alfalfa, grass juice powder, crude liver extracts, 
and to a lesser extent by yeast. Folic acid does not appear to be the active substance 
since 4 per cent solubilized liver was included in the basal ration. 


III. AMINO ACIDS 


It is understandable when one considers the relative size, complexity, and amino 
acid content of the globin fraction of the hemoglobin molecule that a dietary 
deficiency of protein or of a specific amino acid might result in anemia. Because of 
the difficulty in preparing a diet deficient in a single amino acid only a few experi- 
ments of such a nature have been conducted. These include deficiencies of trypto- 
phan, lysine, and phenylalanine. Most of the work hitherto reported has been 
concerned, with the rate of hemoglobin regeneration in animals made anemic by 
phlebotomy. Unfortunately, by this method it is not possible to study the charac- 
teristics of the anemia. 

A. General Protein Deficiency. — Rats fed a diet abnormally low in protein but 

adequate in all other respects develop anemia which responds to protein 
therapy. 239-241 The anemia is characterized by a distinctly subnormal hemoglobin 
content of the blood, a normal erythrocyte count, and a mild reticulocytosis.- 1 
Mctcoff, Favour, and Stare 242 have found that in acute protein deficiency in the 
rat there is an associated hemoconcentration and a significant decrease in the total 
circulating hemoglobin as the result of a reduction in the total blood volume. In 
chronic protein deficiency they found that although the hemoglobin concentration 
was unaltered the total circulating hemoglobin was sirnificantly decrcascJ- 
They point out that only if the total circulating hemoglobin is determined and 
adjusted to a unit of surface can the true severity of the anemia be appreciated 
It has also been shown that dogs maintained on a diet deficient in protein shew a 
progressive fall in the total red cell volume as well as in the red cell count an 
hemoglobin concentration. 243 The rate of blood regeneration in rats 244, - ,J and in 
dogs 24C made anemic by repeated hemorrhage is accelerated by an adequate dietan 
intake of protein. Bethell 247 has suggested that the anemia which occurs in pteg 
nant women and which is characterized by a normal color index and by red ce s 
of normal or increased volume is due to a protein deficiency. Orten and Keller haw 
found that the excretion of porphyrin in the feces of rats is diminished in anima 
fed a diet low in protein. 24S . , 

B. Composition of Globin. — -The minimal molecular weight of hemoglobin 

been shown to be about 16,700 and studies of the osmotic pressure- 1 • an 

sedimentation constant 251 - 252 have shown that the true molecular " C1 F 
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anhydrous hemoglobin is close to 66,700, indicating that hemoglobin is composed 
of four globin units. According to Svedberg 253 globin is a polydisperse protein and 
does not have a definite molecular weight. There is evidence in the literature 
suggesting both the existence 264-260 and the absence 267 ’ 268 of more than one hemo- 
globin in the same animal. 

The amino acid composition of globin has been studied in several species and has 
been shown to contain all of the essential amino acids as well as many of the non- 
essential ones. It seems that the molecular ratios of tryptophan, tyrosine, arginine, 
histidine, and lysine are constant for all mammalian hemoglobins, being 113:3:8:9 


Table 4. — The Approximate Ammo Acid Composition of Various Hemoglobins , in Per Cent 


Amino Acid 

Horse 

Man 

Sheep 

Bovine 

Leucine 

15 . i mi; 

I 7 . L 26 * 

; 16.4-17 .-- rA 

■ 14-16 2 '' 1 

Isoleucine 

1 . 6 2c0 

o !t: 

i 


Histidine 

7 • 7 5t "’ 

8 . o 2C '* 

1 7 . 4 s * * 

6.8“' 

Arginine 

3.7"* 

4 • 

j 3-9 ! ” 

3 ,t»> 

Lysine 

8 . 6 2cr ’ 

[ 

! 7* 7 2C1 

S.o 2 ' 1 

Valine 

9. 8 261 

1 10. i 251 

| 7.7-8. i 2ti 

! 7. 5-10. 3 2 ’' 1 

Tryptophan 

I.! 2 ' 0 


1 o- 9 5 * 1 

i.o 2Gl 

Phenylalanine 

6.8 2m 


7 • 2 - ul 

6.8 2G1 

Methionine 

0.75” 2 

I.i 2C2 

! i.l 2 " 

1 . 3 252 

Cystine 

0.85 262 

I.2. 2C2 

^ 02C2 

O’ S 

! o.4» 2 

Threonine 

6. 8 2!s 

6.8 260 

i 

1 

Tyrosine 

3.0 2 ' 6 


l.X 261 

| L.O" 1 

Alanine 

6.4-8. 9 25 ' 

9-9 5 ' 4 

! 8. 7-9. L 251 

i S.j-S.cr" 

Glycine 

Serine 

Proline 

Hydroxyprolinc 

Aspartic Acid 

Glutamic Acid 

Total Sulfur 

5 . 6*« 

5 • 3 J60 

i.O 2C0 

O.O 260 

10.3 20 ' 

8 . 5 25(: 
o.4 2 ' 2 

o.6 2t2 

1 

1 

' o.6- r ‘- 

I 

1 

5 . 6 2<;o 

0. 4 2,! 

Total Nitrogen 

16.4 2 ' 2 

16.6 252 

1 6 . 1 2r ' 2 

15 -7 ! " 


The superior numbers refer ro the bibliographical source. 


respectively, and that many of the differences in mammalian globins can^ be ac- 
counted for by the content of total sulfur, cystine, and methionine. The 

approximate percentage of amino acids in globin for several species is gn en in 
table 4. 

C. Role of Amino Acids.-i. Gtntral.— The effects of the administration of 
various amino acids on the hemoglobin content of rats maintained on a low 
protein diet consisting of 3.5 per cent lactalbumin have been studied b> Orten an 
Orten. 269 No consistent, sustained increase in hemoglobin values occurred follow- 
ing supplementation with any of the ten essential ammo acids or with glycine, 
cystine, glutamic acid, proline, or tyrosine. They interpreted ^thesc resu ts 
evidence that no single amino acid can be regarded as a ke\ amino aci 
hemoglobin synthesis. It is logical to assume that if more than one amino aci 
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lacking, then hemoglobin synthesis will not proceed until all of the missing amir,,, 
acids are supplied. They conclude that ‘‘a combination of amino acids in as\r 
undetermined proportions is essential for the in vivo fabrication of the hemoglobin, 
molecule.” 

Whipple and Robscheit-Robbins 270, 271 have shown that certain amino acids 
given to dogs made anemic by repeated hemorrhage cause an increase in new 
hemoglobin production over the basal level. Threonine, glycine, glutamic acid 
aspartic acid, cystine, histidine, phenylalanine, and proline caused an increase in 
hemoglobin output of 2.3 to 2.4 grams above the control levels for a 2. week period. 
Leucine, methionine, lysine, and tryptophan caused an average increase of 10 
grams and alanine, tyrosine, valine, isoleucine, arginine, and hydroxyproline 
increased hemoglobin output 10 to 17 grams over the control level for the 1 week 
period. There was no correlation between the quantity of an amino acid found in 
globin and its hemoglobin-regenerating activity. 

In rats made anemic by the injection of phenylhydrazine Yashoda 272 found that 
histidine accelerated the formation of erythrocytes and hemoglobin and that 
tyrosine was ineffective in this capacity. Brand and Stucky 273 found that rats bred 
from mothers subsisting on a low protein (cystine-deficient) 'ration recovered 
from their “milk anemia” and showed good growth when glutamic acid was added 
to their iron supplement; whereas those from which glutamic acid tvas withheld 
but the iron added, died. 

In dogs made both anemic and hypoproteinemic Whipple and his group 27l ‘ 27! 
have shown that globin can be readily formed from pure amino acid mixtures, 
plasma, serum digests, casein, hemoglobin given intraperitoneally, and hemoglo- 
bin digests given by mouth. The body seems to give preference to hemoglobin 
production over serum protein production. 277-272 

i. Tryptophan . — For some time it has been known that tryptophan accelerates 
recovery and causes a prompt reduction in the reticulocytosis seen in anemia 


caused by phenylhydrazine. 2S0-2S3 

By acid hydrolysis of casein it has been possible to prepare a protein which is 
almost totally deficient in tryptophan. This method has enabled workers to study 
the chemical and morphological characteristics of the anemia. Fontes and Thio- 
ville, 2S4 Hamada, 282 and Chin 283 reported that rats maintained on a diet in which 
the protein was supplied in the form of an acid hy r drolysate of casein became anemic 
and that this anemia was relieved by the administration of try r ptophan. Alcock - 5 
could not confirm these findings but Albanese et al. 2s6 have pointed out that 
Alcock’s experiments were not of sufficiently long duration and that the diet may 
not have been entirely free of tryptophan. Albanese et al. 2Sr ' maintained rats on a 
diet in which the protein consisted entirely" of acid hy'drolyzed casein and reported 
that a mild normocytic, hy r pochromic anemia developed in 10 of 16 animals. TR 


anemia in all cases responded to try f ptophan therapy". 

The anemia occurring in swine maintained on acid hy"droly"zed casein as the on y 
source of protein has been studied by Cartwright et al. 57 The anemia was normo 
cy r tic, or slightly" microcytic, and normochromic. It developed early an 
slowly progressive. There was no evidence of increased hemolysis as determine*. 
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by icterus index and qualitative urobilinogen determinations. The serum iron 
levels remained within normal limits even at the height of the anemia and there 
was no reticulocytosis. Terminally, that is a week or so prior to death, leukopenia 
appeared and persisted in all 3 of the animals studied. Differential leukocyte 
counts revealed no consistent or significantly greater reduction in the number of 
cells of one series of leukocytes as compared with another. Blood platelets were not 
reduced in number. A hypoproteinemia developed simultaneously with the anemia. 
When the hypoproteinemia became severe peripheral edema appeared. The bone 
marrow in 2. of the animals was normoplastic and in the third hypoplastic. Hemo- 
siderosis of the tissues was not present. The effect of adequate doses of tryptophan 
in restoring the animals to normal was not determined. Until sufficient tryptophan 
is available for this to be done it cannot be conclusively stated that the changes 
described were due to a deficiency of this amino acid. 

As discussed earlier in this review pyridoxine-deficient rats, dogs, and swine 
excrete certain metabolites of tryptophan in the urine. In order to ascertain the 
effects of a low tryptophan intake on the course of pyridoxine deficiency Cart- 
wright et al. 57 placed swine on a diet unsupplemented by pyridoxine and in which 
the protein was supplied in the form of acid hydrolyzed casein. It was concluded 
that a low intake of tryptophan retards the course and diminishes the severity of 
the nutritional disorder due to pyridoxine deficiency. This is in accord with the 
work of others in rats, 33 mice, 53 and dogs. 33 

Since a lack of either tryptophan or of pyridoxine leads to the development of 
anemia and since there is a disturbance of tryptophan metabolism in pyridoxine 
deficiency the question arises whether pyridoxine anemia may be due to a lack of 
properly metabolized tryptophan. If such were true the two anemias should be 
similar. They are, however, quite different. The anemia of pyridoxine deficiency 
is microcytic and slightly hypochromic and is accompanied by an elevated serum 
iron, hyperplastic bone marrow, and hemosiderosis of the liver, spleen, and bone 
marrow. The anemia associated with the feeding of acid hydrolyzed casein is 
essentially normocytic and normochromic, the bone marrow appears to be hypo- 
or normoplastic, the serum iron level is normal and there is no hemosiderosis of the 
tissues. The two deficiencies are markedly different. Tryptophan deficiency causes 
cessation of growth and is accompanied by marked hypoproteinemia and edema. 
Pyridoxine deficiency causes only limitation of growth and the quality and quan- 
tity of the serum proteins are unaffected. The two anemias are compared in table 5. 

3. Lysine . — It is known that deaminization of casein destroys the entire content 
of lysine, about half of the histidine, and a portion of tyrosine. 2S7 Hogan and 
Ritchie 288 reported that rats maintained on deaminized casein develop anemia and 
splenomegaly. When casein was added to the deaminized casein ration the anemia 
failed to develop. Smith and Stohlman 2 ” studied the anemia and reported that 
after 10 to 15 days on the diet examination of the blood revealed anisocytosis, a 
moderate degree of reticulocytosis, polychromatic macrocytes frequently con- 
taining one or more Howell-Jolly bodies, and a substantial degree of anemia. As 
the disease progressed the anemia became more pronounced, the red cells falling 
as low as 1 million and the hemoglobin to to per cent. The blood smears in the 
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advanced stage showed many poikilocytes, microcytes, macrocytes, polychronuti 
cells, "megaloblasts," and numerous Howell-Jolly bodies. The reticulocyte tout; 
ranged from 5 to 2.5 per cent. Immature white cells such as myelocytes and nivdo 
blasts appeared in various numbers. The anemia was usually macrocytic an 1 
slightly “hyperchromic.” By r boiling deaminized casein with alcoholic sodium 
hydroxide, or by reprecipitating the deaminized casein from aqueous altcalin- 
solution, the anemia-producing factor could be destroyed to a considerable extent 
The intraperitoneal injection of the alcohol-soluble fraction of a hydrochloric ad 
hydrolysate of deaminized casein reproduced the anemia and the authors conduJe, 
that the anemia was not a deficiency disease but was due to the presence of a toxi; 
substance in the deaminized casein. Hogan and co-workers 299-292 extended then 
experiments and found that lysine was the antianemic agent in the dcaminizo 
casein-anemia syndrome. However, it was necessary to administer 1 to 4 times th. 


Table 5. — A Comparison of the Anemias Produced by Casein Hydrolysate and Pyridoxin; 

Deficiency in Swine 


Determination 

Casein 

Hydrolysate 

Pyridoxinc 

Deficient 

| Control 

R.B.C., millions cu. mm. . . 

4.5s 

6.50 

i 

'•93 

HBG. Gm.% 

S.i 

S -9 

14.0 

Hematocrit, cc 

14.0 

l 9-3 

4f 

MCV, cm 

S 2 - 

41 

58 

MCH, wg 

iS 

J 4 

18 

MCHC, % 

34 

3 ° 

35 

W.B.C., cu. mm 

5500 

17,500 

lS,OOD 

Scrum Iron, ng% 

2 3t 

374 

Mi 

Total Protein, Gm. % 

3.8S 

6.17 

8-35 

Bone Marrow 

N 

H ; 

N 

Hemosiderosis 

O 

4 * 1 

0 


N = Normoplastic. 
H = Hyperplastic. 


normal requirement of lysine to prevent the anemia. These authors speculated tha 
lysine was required to detoxify the deaminized casein. Attempts to isolate lysin; 
from the urine of rats supplied with this amino acid failed. 

Gillespie, Neuberger, and Webster 293, 291 have presented evidence that lysin: 
deficiency in rats results in an anemia. They' maintained rats on a diet in which thi 
protein was supplied in the form of zein, a protein deficient in both lysine am 
tryptophan. One group was given a daily supplement of tryptophan and lysine 
A second group received only tryptophan. In the group receiving lysine the averap 
red cell count and hemoglobin were S.76 million and 14.9 Gm. per cent, respe 
lively. In the group receiving no lysine the average red cell count was 7.10 milhor 
and the average hemoglobin 11.1 Gm. per cent. Thus there was a mild ancmij 
with a slightly greater average reduction in hemoglobin than red cells. In a 1 ir " 
group of animals it was demonstrated that the anemia was not due to inanition 

Muller 293 has reported that when lysine is injected intravenously into pigeons - 
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reticulocytosis occurs, this reticulocytosis being caused bv a stimulation and 
proliferation of the red blood cells in the bone marrow with an extension of the 
blood-forming marrow tissue. 

а. Phenylalanine. — Maun, Cahill, and Davis'-" fed synthetic diets of crvstalline 
amino acids, crystalline vitamins, fats, dextrin, and salts to voune rats, 'ft'hen 
phenylalanine was omitted from the amino acid mixture for :_S davs the hemo- 
globin ranged from 7.4 to 14.0 Gm. per cent, with an average of 9.9 Gm.: animals 
on the complete diet had hemoglobin levels ranging from 13.- to 15.S Gm.. with 
an average of 14.7 Gm. Hemosiderosis of the tissues was not noted. 

5. Glycine . — Evidence tor the direct utilization of glycine for the formation of 
the pyrrole rings of protoporphyrin in humans has been presented by Shemin and 
Rittenberg.--' 7 Glycine containing X 13 was consumed by a human subject. Hemin 
was then isolated at various intervals and found to contain significant quantities 
of N' 5 . Previous experiments in which leucine’ 5,5 and ammonia- 5 '' labeled bv X 1 - 
were fed to rats gave no indication that these substances were directlv concerned 
with porphyrin synthesis. It has been suggested that trvptophan. proline, and 
hydroxyproline are precursors of protoporphyrin. There is no direct evidence to 
confirm this. 

б. Isoleucine. — Otten, Bourque, and Orten 3, ’ have presented evidence chat 
isoleucine deficiency in the rat resulcs in a mild to severe anemia. The animals were 
fed a synthetic diet containing purified human or beef globin as the protein. Both 
of these proteins have been shown to be deficient in isoleuctne. Supplementation of 
either type of globin with isoleucine resulted in the maintenance of a normal con- 
centration of hemoglobin in the blood. The subsequent removal of isoleucine was 
followed by the development of anemia and death of the animals. 

The finding that isoleucine is needed for hemoglobin formation m the rat raises 
an interesting question. Either che globin of rat hemoglobin, unlike that of human 
or beef hemoglobin, contains isoleucine or isoleucine must be concerned in the 
formation of some intermediate compound. 

IV. MINERALS 

A. Iron. — That iron is a constituent of the hemoglobin molecule 3, sc: - 3C4 and 
that a deficiencv of iron gives rise to an anemia are both well established. The 
magnitude of the literature on various aspects of iron metabolism is great, yet 
there are large gaps in our knowledge of certain phases. In recent years there have 
been several reviews on the subject. 3 1,3-311 However, since these reviews were 
published the fundamental concepts of iron metabolism have changed greatly. 

1. Availability . — Dietary iron is of two types, organic and inorganic. 313 The 
organic iron is present principally in the form of iron porphyrin compounds. The 
ability of inorganic iron salts to cure iron deficiency anemia has been well demon- 
strated in many different species. On the other hand, it has been shown that 
organically bound iron is very poorly utilized when given orally. Bunge's theory" 17 
that iron occurs in food as complicated organic compounds which are absorbed 
and assimilated as such and are built directly into hemoglobin has not been con- 
firmed bv modem studies. Organic iron, if it is to become available, must be 
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converted to an ionizable form. In the case of hematin it has been shown that it j s 
less than 2 .5 per cent utilized and this utilization appears to be dependent upon the 
amount of decomposition by intestinal bacteria. 314 - 315 It has not been demonstrate 
that a preformed iron compound is absorbed and used as such in building the 
hemoglobin molecule. On the available information it would seem that the body's 
need for iron can be entirely satisfied by inorganic iron compounds. 

Hill 3ic has shown that a-dipyridyl reacts with ionizable ferrous iron to form an 
intense red compound. The reagent does not react with hematin or other organi- 
cally bound iron compounds. Elvehjem and co-workers 317 - 31S have shown that 
there is a moderately good correlation between the biologically active iron in 
foodstuffs and the iron determined with a-dipyridyl following reduction of the 
ferric iron. Tables of the "available” iron content of foodstuffs have been made 
using this method. Their value is somewhat limited for as Hahn and Whipple 11 * 
pointed out, the term “available iron” as determined by the dipyridyl test has 
little physiological significance. An iron salt which is rated as 100 per cent 
available by the dipyridyl test may be only 40 per cent physiologically active. 

a. Absorption . — Iron is absorbed chiefly in the duodenum, but the stomach and 
the whole of the small intestine may take part under certain circumstances. 5:w:: 
It is doubtful that any absorption takes place from the colon. 313 It is absorbed by 
the tips of the villi of parts of the duodenum and from there is passed into the 
portal circulation and is carried to the liver. Moore et al. 324 have shown that iron 
is not transported by the thoracic duct lymph. 

There are many factors affecting the absorption of iron. By measuring the serum 
iron increase following the oral administration of iron in various forms and under 
various conditions Moore and co-workers 322 - 324 could define many of these factors. 
Whipple and his group, working with an entirely different method, have been 
able to define others. The present knowledge concerning the absorption of iron 
may be summarized as follows: 

a. Type of iron . — It is generally believed that iron is absorbed in the soluble, 
ionizable, ultrafiltrable, ferrous form. The absorption of ferric compounds is 
generally less than that of ferrous compounds and is dependent on the capacity 
of the intestinal contents to reduce them. The nature of the anion, except as it 
influences the ease of ionization, is relatively unimportant. Organically bound iron 


as stated above is very poorly absorbed. 

In the past there has been disagreement between the clinical and animal investi- 
gators as to whether the ferrous form is more readily absorbed than feme iron. 
Using the radioactive iron technic it has been demonstrated in two different 
laboratories that human subjects absorb ferrous iron more efficiently than ferric 
iron. 325 - 326 Dogs absorb both valence forms well although in some instancei 
there is a greater uptake of ferrous than ferric iron. Rats absorb radioactive ferrous 
and ferric iron equally well. 327 Thus there is a species difference and this proba y 
accounts for the disagreement between clinical and animal investigations. * 
etal. 325 offer three possible explanations for the greater absorption of 
iron for the human being: (1) only- ferrous iron may be absorbed and all triw ^ 
iron may have to be reduced before it can be taken up by the body; C 2 -) ^ ot or 


y* 
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may be absorbed but to an unequal degree; and (3) ferric iron may be made less 
available for absorption because it more readily forms complex insoluble com- 
pounds within the intestinal tract. 

b. Amount of iron . — The height of the serum iron increase is directly proportional 
to the amount given up to that point at which intestinal irritation is great enough 
to interfere materially with intestinal motility. 

c. Gastric acidity . — The free gastric hydrochloric acid performs two functions: 
(1) reducing, ionizing, and dissolving the iron, and (z) delaying the formation of 
insoluble and undissociated iron compounds which may occur above pH 5. For 
these reasons any factors which cause increased alkalinity diminish iron ab- 
sorption. 

d. Conditions in the duodenum . — The pH of the duodenal contents likewise affects 
the ionization and solubility of the iron compounds. The presence of certain re- 
ducing substances in the diet aids the absorption of iron. Fisher and Peabody 328 
have shown that liver extract has marked reducing properties. Oxidation of ferrous 
iron is effectively prevented by liver extract and 50 to 95 per cent of ferric iron 
added to it is reduced. The reducing properties of ascorbic acid are well known. 324 
Freeman and Ivy 329 have shown that calcium carbonate, aluminum hydroxide, and 
to a lesser extent magnesium trisilicate reduce iron retention in anemic rats. The 
absorption of iron from the intestinal tract is inhibited when iron is administered 
with relatively large doses of mucin in cases of chronic hypochromic anemia. 330 

e. Ca:P ratio and vitamin D . — There is ample evidence that excess calcium in the 
diet inhibits iron assimilation and causes a mild anemia. 331 " 330 Furthermore, all 
investigators are agreed that iron utilization is affected by the Ca:P ratio in the 
diet but there is disagreement as to whether a high or low ratio is more favorable. 
Anderson, McDonough, and Elvehjcm 334 have shown that hemoglobin regenera- 
tion and iron storage in the liver were the greatest on the lowest Ca'.P ratio and 
that, as the ratio was increased, there was a corresponding decrease in both hemo- 
globin regeneration and iron storage. These results have been confirmed by Fuhr 
and Steenbock 335, 330 but are contradictory to those of Day and Stein. 337 The 
latter workers found that rats on a low mineral ration containing a relative excess 
of phosphorus develop a mild numerical increase in red cells together with a 
reduction of hemoglobin and that this is prevented by increasing the calcium in 
the diet. The action of calcium is explained by its ability to bind phosphorus, 
“thus permitting the dietary iron to be used for hematopoiesis instead of being 
excreted, presumably as a phosphate.” 

Where the discrepancies lie between these two experiments is not clear but the 
important fact is that neither a high nor a low Ca:P ratio is incompatible with 
normal hematopoiesis if the diet contains sufficient iron, for the action of these 
minerals is not directly on hemoglobin formation but rather on iron absorption. 
When this is appreciated the anemia accompanying rickets is better understood. 

Fuhr and Steenbock 338 have demonstrated in rats that vitamin D improves the 
storage of iron and the formation of hemoglobin when the diet contains optimal 
amounts of calcium and phosphorus. A similar stimulus to hemoglobin formation 
was noted by Day and Stein. 337 
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f. Selective absorption . — McCance and Widdowson 339-341 introduced the idea t(u- 
the intestine controls the amount of iron absorbed. Robscheit-Robbins and Whip- 
ple 342 - 313 have shown that the efficacy of iron feeding depends upon the actual 
need of the body for the element. Recent studies by Whipple and co-workers 111 
using a radioactive isotope of iron have been enlightening. They showed that Joe* 
made anemic by frequent bleeding while on a low iron diet had 4.1 to 11.7 percent 
of the ingested radioactive iron in the tissues and blood while normal nonanemic 
dogs had only 0.08 to 0.X4 per cent accountable. These experiments were ex- 
tended 333 and it was concluded that the mucosa of the gastrointestinal tract has 
the power to reject or to accept iron. These studies were then carried to human 
beings 315 and it was found that when there is need of the body for iron as in prep- 
nancy and iron deficiency states, the iron intake is increased above normal, whereas 
in disease states in which the iron stores are known to be very abundant as in 
pernicious anemia, hemochromatosis, familial hemolytic icterus, and Mediter- 
ranean anemia, there is very little absorption. They concluded that "reserve stores 
of iron in the body, rather than anemia, control iron absorption. This control is 
exerted on the gastrointestinal mucosa which can refuse or accept iron under 
various conditions.” 

A possible fallacy in the experiments of Hahn and Whipple on the absorption of 
iron in various anemic states in man must be pointed out. The amount of radio- 
active iron appearing in the red cells was used as an indication of the amount 
absorbed. In anemic states other than iron deficiency it is possible and even likely 
that owing to a diminished rate of hemoglobin formation much of the absorbed 
iron does not appear in the hemoglobin. The amount of iron appearing in the 
hemoglobin is not necessarily an indication of the amount absorbed but rather of 
the amount utilized. If hemoglobin cannot be formed in cases in which iron is not 
the limiting factor then iron, even though absorbed, cannot be utilized. In such 
cases the amount of iron appearing in the red cells would give a false impression of 
the amount absorbed. 

Subsequent studies by Hahn and co-workers 331 as to the precise mechanism by 
which the gastrointestinal mucosa accepts and refuses iron have revealed that an 
acute severe anemia or anoxia of 14 hours’ duration does not significantly increase 
iron absorption. After approximately 7 days, at which time the iron stores art- 
depleted, absorption becomes active. These workers speculate that there is an 
"acceptor compound" in the mucosa which is capable of taking up iron and 
passing it on to the plasma, and that the plasma iron concentration may regulate 
the degree of iron saturation of this acceptor and consequently its ability to pass 
iron from the intestinal lumen to the plasma. They further speculate that once iron 
reaches the plasma it is combined with protein in a combination which is not 
sufficiently loose to allow transfer of the iron in the reverse direction through t c 
acceptor. "Thus this acceptor together with the action of the plasma might act as 
a valve mechanism allowing the body to obtain iron when needed and conscnc 
what it has for future needs.” 

Granick 302 - 664 - 665 has discovered that the content of ferritin in the gastro 
intestinal mucosa is relatively high and that it increases in response to iron ee , 
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On this basis he has suggested the following modification of the hypothesis of 
Hahn et al. : Iron is absorbed into the mucosal cells in the ferrous form where it is 
stored as ferritin (a combination of the protein apoferritin with ferric hydroxide). 
There is an equilibrium in che cell between ferrous iron and the ferric iron stored 
in ferritin, the cell being in a state of “physiological saturation” with respect to 
ferrous iron. As the concentration of the plasma iron falls, ferrous iron is removed 
from the mucosal cell, resulting in a diminution of ferritin iron in the mucosa. 
When the ferritin iron has diminished to a point where the cell is no longer satu- 
rated with respect to ferrous iron, more iron is absorbed by the cell. 

Moore and his group 323 have questioned the selective absorption theory and 
cite as evidence against this theory the fact that some patients with hypochromic 
anemia before therapy do not have greater iron absorption curves than after 
therapy. They believe that a more likely explanation would be that iron is ab- 
sorbed by a simple process of diffusion through the interepithelial spaces into the 
blood stream and that the magnitude of the concentration of the gradient of iron 
between the intestinal lumen and blood plasma determines the amount of iron 
absorbed. As pointed out by Hahn et al., this theory does not explain the fact that 
smaller doses of iron are more efficiently absorbed than larger ones. And as noted 
by Moore et al., it is in contrast to the histological experiments of Hober 346 which 
tend to show that iron is absorbed intra-epithelially. 

Since Moore et al. admit that iron-deficient animals absorb iron more readily 
than those with adequate stores and that there is no histological evidence for 
simple diffusion through the interepithelial spaces, and since Hahn et al. now 
believe that the serum iron level may play a role, it would seem that the divergence 
between these two views is not great. 

g. Other factors . — There is suggestive evidence that pyridoxine may regulate 
iron absorption. This has been discussed under pyridoxine.lt has been shown that 
the average retention of iron in children is slightly lower during periods of high 
thiamine intake than during control periods. 317 These results, however, could not 
be confirmed in rats on a well controlled experiment. 348 The amount of food con- 
sumed affects iron absorption. With a constant intake of iron, an increase in con- 
sumption of food results in a lower retention of iron, and a decrease results in a 
higher retention. 347 

3. Transportation.— There is now ample experimental evidence that there is a 
fraction of iron in the plasma which is in a nonhemoglobinous form. 323 ' 349-351 
Using radioactive iron Yoshikawa, Hahn, and Bale 355 have shown that about 95 
per cent of the plasma iron fraction is bound to protein and of this only 15 per cent 
is bound to the globulin fraction. However, 90 per cent of the plasma iron is not 
precipitated by trichloroacetic acid and therefore must be very weakly bound. 
Whether there is true salt formation or whether the protein tie-up is one of ad- 
sorption has not been determined. In vitro studies have shown the serum iron is in 
the ferric state and as such is nonultrafiltrable but upon reduction to the ferrous 
state becomes ultrafiltrable. 356 This is known as the “Barkan phenomenon.” The 
true state of plasma iron in vivo is unknown. 

The significant fact concerning plasma iron is that it has been demonstrated 
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to function as transport iron. 323, 350 Following a large dose of iron salts there is a 
prompt rise in the plasma iron fraction. The increase is apparent within the first 
half hour, reaches its maximum in zi to 5 hours, and falls to the basal level in utu 
18 hours. It is interesting that transportation and utilization are very rapid pro- 
cesses. Radioactive iron has been shown to find its way into red cells in as little time 
as several hours. 323 No direcc interchange between the plasma iron and the red cell 
has been demonstrated. 357 

The normal range for plasma iron in human beings has been shown to be about 
0.050 mg. to 0.180 mg. per cent. 340 The values obtained by various workers arc 
given in table 6. The average value for men is slightly higher than for women. 
There is essentially no difference between the amount contained in plasma as 
compared with serum. 349 Moore, Minnich, and Welch 354 found that the difference 
between minimum and maximum serum iron values in a given normal subject 


Table 6 

The Serum Iron of Korina! Subjects as Obtained by Various Investigators (Modified from 

J. A. Pavel! »“) 


Author 

Men 

AYomen 

Difference 

No. of 
Ob- 
ser- 

va- 

tions 

M =fc £ M 

a 

No. of 
Ob- 
ser- 

va- 
tions j 

M ± . M 

a 

... .1 

D i el) 

Heilmeyer and Pl6tncr ws 

25 

126.2 db 4.3 

21.4 

25 | 

88.5 ± 3.8 

18. S 

+57.7 ±5.) 

Moore, Arrowsmilh, Quilligan, and Read 549 - -, 

15 

121.5 =fc 6.7 

25.8 

15 I 

97.6 =b 6.1 

23.7 

+23.9 ± 9.1 

Vahlquist 159 . ... 

50 

142.0 ± 6.1 

43.0 


123.0 =fc 4.5 

31. C 

+19.0 ±7.6 

Powell*^ 

35 

143.0 =b 4.1 

24.0 

1 35 j 

117.0 =fc 4.5 

26.5 

+26.0 ±6 . 3 


M = Mean; <M = Mean error of mean; D = Difference; «D - Mean error of difference; a = Standard deviation. Ite 
superior numbers refer to bibliographical source. 


ranged within the daily cycle and during a 6 month period from 0.01 to 0.065 mg. 
per cent. Heilmeyer and Pldtner 358 have found variations of —10 to +19 micro- 
grams per cent in 6 normal subjects during a period of 1 to 9 days. Similar observa- 
tions have been made by others. 361 , 362 Hemmeler 363 has presented evidence that 
the serum iron is highest early in the morning, decreases gradually during the day, 
and rises during the night. Vahlquist 362 found higher values at 6 E.M. than at 
8 A.M. Evidence has been obtained for a menstrual periodicity in the serum iron 
in normal women. 360 The serum iron has been found to be lower in old people 
than in young. 364 There is evidence that physical exercise decreases the serum 
iron. 365 Reginster 366 induced fever in 3 subjects and noted a lowering of the plasma 
iron level. 

The plasma iron level is affected by the rate of absorption of iron, the balance 
between that going to and from the tissues, and the equilibrium between th_ 
amount used for hemoglobin formation and that corning from hemoglobin cata 
olism. The values found in various pathological states are given in table '■ 14 
general, in iron deficiency states it is uniformly low. Under conditions of dccrcaseu 
red cell formation (aplastic anemia, Mediterranean anemia, myelophthisic anemia, 
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and pyridoxinc deficiency anemia in animals) it tends to be high. When the bone 
marrow is unusually active (acute hemorrhage and liver-induced remission in 
pernicious anemia) the plasma iron is low. In hemolytic states the plasma iron 
level is dependent upon the equilibrium between the iron released by hemolysis of 
red cells and the rate of uptake by the bone marrow. 

Barkan 375-378 has described a third form of blood iron, constituting 5 to 10 per 
cent of the total blood iron, which he termed the "leicht abspaltbarc Bluteisen” 
fraction. This was so named because it was easily freed from its lightly bound 
state in the erythrocytes and plasma by acidification with weak acids. This 
finding has since been many times confirmed. 379 When whole blood is incubated 
with 0.1 N hydrochloric acid 1.3 to 1.5 mg. per cent of iron is "easily split-off.” 349 
Sulfuric and nitric acids split off more iron than does hydrochloric acid. 319 The 
concentration of the acid also affects the amount of "easily split-off” iron ob- 


Tadle 7. — Showing the Vlaima Iren Leu/ in Various Conditions in Human Beings 


Condition 

Plasma Iron 

Reference 

Iron Deficiency 

Low 

71 . 35°. 35 s » 36°, 372- 

Mediterranean Anemia . ... 

High 

7z 

Familial Elliptocytosis ... 

High 

367 

Pernicious Anemia. .. . .... 

High 

3 1 . 7i. 35°. 3 6 ° 

Nutritional Macrocytic Anemia 

Normal or Low 

3L 72- 

Sprue 

Low 

72-, 369 

Aplastic Anemia. . 

High 

71 , 350 , 360 

Infections 

Low 

370 

Tuberculosis 

Low 

366 . 371 

Myelophthisic Anemia. ... 

High 

35° 

Nephritis .... 

Variable 

72-, 35° 

Malaria 

Variable 

72- 

Hemolytic Anemias ... 

Variable 

350 , 360 

Acute Hepatitis. . . 

High 

373. 374 

Hypothyroidism. . 

Normal 

35° 

Hemochromatosis. . . 

Normal 

35° 


tained. 349 There is no significant change in the amount of iron split off with 
concentrations of hydrochloric acid between iz and z per cent, but there is a 
definite increase below this concentration with a sharp peak at about 0.1 per 
cent. 370 Moore and his group have clearly demonstrated that the "leicht abspalt- 
bare Bluteisen” fraction does not function as transport iron 354 as was originally 
suggested by Barkan. 

The “leicht abspaltbare Bluteisen" fraction was subdivided by Barkan into two 
parts, E and E'. E was that portion present only in red cells, constituting 60 to 70 
per cent of the total, and bound by carbon monoxide in such a manner that it was 
protected against the "splitting-off” action of weak acids. E' was that fraction 
which was present in the plasma as well as the red cells, was not bound by carbon 
monoxide, and constituted 30 to 40 per cent of the total. The whole of the plasma 
iron was included in this fraction. Barkan advanced the view that the "easily 
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split-off” fraction constituted an organic, nonhemoglobinous form of iron ar' 
finally succeeded in establishing that the iron of iron-containing bile pigment 
compounds (pseudohemoglobins, verdohemochromogens), that is, open rinr 
derivatives of hemoglobin, was "easily split off” by the action of dilute 
acids. 37S> 3S0 He concluded from this that the "easily split-off” iron was due to 
the presence in the erythrocytes of verdohemochromogens. It has since been shown 
by Legge and Lemberg, 3SI and confirmed by Barkan and Schales 370 and others, :s; 
that the E fraction is an artefact arising from oxidation of the prosthetic group of 
the hemoglobin molecule by the 0 2 evolved from oxyhemoglobin by acids. The 
E' fraction is partially attributable to a bile pigment-hemoglobin, a small part 
arises from blood catalase, and the remainder is due to the iron in the plasma. 


Table S . — The Distribution of Iron in the Body as Determined in a Dog Weighing to Kihgrjrt 

(Modified after Habit* 0 *') 



| Per Cent Total Body Iron 

Hemoglobin iron 

•57 

Myoglobin iron 

7 

i 

Parenchyma iron 

16 

cytochrome 1 


catalase 


peroxidase 


Storage iron 

10 

ferritin 


3 noncrystallizable ferritins 


? ferrin 


hemosiderin 


Inorganic ferrous iron 



4. Storage of iron .- — Although the literature on this phase of iron metabolism is 
very extensive the storage of iron is poorly understood. There are numerous 
studies of the iron content of tissues as found under various conditions but little 
information is available concerning the chemical nature or physiological function 
of the various fractions. The exact total iron content of a specific tissue is dependent 
on many factors and is relatively unimportant. Many of the studies reported in the 
literature were done on tissues which were not blood free and with methods which 
have since been shown to be untrustworthy. 353 The work of Whipple and his 
co-workers 3 Sii 3S5 on the total iron content of tissues under various circumstances 
has been carefully done on blood-free tissues and with reliable methods and onh 
this work will be summarized here. Subsequent papers confirm these findings but 
add little further knowledge on this phase of iron metabolism. 

Present knowledge concerning the distribution of iron in the body of a dog 0 
10 Kg. weight (modified from Hahn 300 ) is summarized in table S. 

The immobile fraction of body iron is made up of parenchyma iron and the iron 



GEORGE E. CARTWRIGHT 


*53 


in myoglobin. This constitutes about 13 per cent of the total body iron. The 
Rochester group have shown that in the face of long-continued severe anemia and 
urgent need for iron from any available source, the dog does not draw on either the 
parenchyma iron of the tissues or on the muscle hemoglobin iron. Parenchyma 
iron is probably held tightly by the cells in such forms as cytochrome, catalase, 
peroxidase, and other cellular enzymes and is essential to the life of these cells. 
Myoglobin has been shown to be very similar to hemoglobin in respect to ab- 
sorption, 380 iron content, 3S7 ' 3SS and elimination by way of bile pigments 389 but 
may be differentiated by means of a specific precipitin reaction. 390 

Whipple and his co-workers established the location of stored iron by injecting 
iron in dogs which had been made iron deficient for 7. to 3 months through repeated 
phlebotomy and a low iron diet. From these studies they concluded that the liver, 
spleen, and bone marrow are the principal sites of storage iron. Fifty to 70 per cent 
of iron injected intravenously can be shown to be stored in the liver and spleen. 
The liver contains the main bulk of the iron stored and is considered the most 
important organ in the conservation and utilization of iron in the body. The 
turnover in the liver is exceedingly rapid if there is a demand for the element for 
blood formation. However, the spleen contains the highest reserve stores of iron 
per 100 Gm. of fresh tissue. The iron content of the rib bone marrow runs parallel 
with that of the spleen as judged by iron storage following hemoglobin injections 
and depletions. There is some evidence that the manner in which iron arrives at the 
tissues affects its distribution. 3 ' 11 When radioactive ferric ammonium citrate was 
given intravenously most of it appeared in the liver. Iron liberated from hemo- 
globin by destruction of the red cells with phenylhydrazine was taken up by the 
spleen as well as by the liver. It has been shown that the kidney forms an impor- 
tant function in the conservation of iron. 381 The glomeruli establish the minimal 
renal threshold for hemoglobin and prevent its escape. When this threshold is 
exceeded the tubular epithelium picks up the hemoglobin and saves it for future 
use. Finally when the tubular threshold is exceeded hemoglobin appears in the 
urine. 

By use of the radioactive isotope it has been demonstrated that the normal 
stores of iron are not the first line of supply for blood formation when massive 
hemoglobin destruction has occurred. 392 - 393 Rather the hemoglobin iron of the 
new cells is first derived from the cells broken down. The stores are drawn upon 
only if additional iron is necessary as a result of abnormal loss of the element from 
the body. 


(To be continued in the next issue') 



THE EFFECT OF DIET ON THE HEMOGLOBIN, ERYTHROCYTE AND 
LEUKOCYTE CONTENT OF THE BLOOD OF THE RHESUS ' 
MONKEY (MACACA MULATTA) 

By Edith Seymour Jones, Keith B. McCall, C. A. Elverjem, Pr.D., 
and P. F. Clark, Ph.D. 

S TUDIES on the nutritional requirements of the rhesus monkey (Macaca 
mulatta) have been in progress in our laboratory during the past five years. The 
major work has been concerned with the B group of vitamins and routine blood 
examinations were made as each vitamin deficiency was studied. Previous reports 
from this and other laboratories have clearly shown the significance of certain nu- 
tritional factors in the maintenance of normal blood constituents. As the exact 
nutritional requirements of the monkey are more clearly understood now than at 
the time of the initiation of these experiments, it is possible to determine more ac- 
curately how a deficiency of several of the B vitamins adversely affects the con- 
centration of certain blood constituents. 

The literature contains about twenty reports regarding the blood picture of the 
normal rhesus monkey. Shukers, Langston, and Day 1 and Suarez, Rivera, and 
Morales 2 have summarized the greater part of the reports. Scarborough 3 has com- 
piled the work preceding 1916 including the earliest, that of Hayem. 4 Values ob- 
tained by these and other workers are presented in table 1. It is evident from these 
reports that inadequate consideration was given to the nutritional status of many 
of the experimental animals. The values reported often showed extreme ranges and 
consequently the arithmetic average was of questionable value. Although Krumb- 
haar and Musser 9 controlled conditions such as food, standard time of bleeding, 
and selection of animals as to size and age, they still obtained variations greater 
than those attributable to experimental error. 

As a result of our nutritional studies we have found that when monkeys are fed 
the basal diet M-3- 1 supplemented with vitamins and whole liver substance, the 
concentration of certain blood constituents is somewhat different from those pre- 
viously accepted as normal values. In this paper we wish to report the blood picture 
of rhesus monkeys receiving purified rations supplemented with vitamins and vari- 
ous liver products and to summarize our data regarding the effect of certain vitamin 
deficiencies on the normal blood picture. 

EXPERIMENTAL 

The animals used in these studies were young (i !4 to 2. years) rhesus monkeys 
of both sexes that were secured directly from an animal dealer. The monkeys " crc 
kept on a general diet of bread, lettuce, carrots, cereal, and fruit forabouc 5 days, 
during which time they were given a tuberculin test. Following this peno 

From the Departments of Biochemistry, College of Agriculture, and Bacteriology, Medical --!> 

University of Wisconsin, Madison. _ c u( iee. 

Published with the approval of the Director of the Wisconsin Agricultural Experiment - 
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Table i .- — A Summary of the Blood Picture of K he jus Monkeys Reported ly Various Workers 
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CONTENT OF BLOOD OF RHESUS MONKEY 


animals were fed the M-3 basal diet supplemented with various liver products 
The basal diet consisted of the following parts per 100: sucrose 73, vitamin-free 
casein 18, salts IV 4, cod-liver oil 3, and corn oil z. In addition, each animal re- 
ceived the following vitamin supplement per day: thiamine hydrochloride 0.5 mg 
riboflavin 0.5 mg., pyridoxine hydrochloride 1.0 mg., calcium pantothenate 3.0 
mg., niacin 5.0 mg., choline chloride Z5 mg., i-inositol 50 mg., p-aminolicntaic 
acid 50 mg., biotin zo ug., folic acid 100 ug., and vitamin C Z5 mg. 

The ration designated as M-5 was similar to the M-3 ration but contained 3 per 
cent bovine globulin and z per cent yeast added at the expense of the sucrose. This 
ration was also supplemented with 3 per cent whole liver substance and the animals 


Tadle i. — Blood Studies on Monkeys Maintained on Practical Natural Diets 




Monkey 

Hemo- 

Erythro- 

cyte 

Count 

Total 

Leuko- 

Differential Leukocyte Count 



Number 

globin 

cyte 

Count 

Mono- 

cyte 

Neutro- 

phil 

Lym- 

phocyte 

Eosino- 

phil 

Mast 

Cell 

UncliJ- 

sified 




Gm. per 
100 ml. 

Millions 

per 

cm. mm. 

Thous- 
ands per 
cu. mm. 

% 

% 

% 

% 

r* 

f 

Monkeys 

recently 

306 

12.48 

6.31 

M 

M 

3-5 

35.0 

54.0 

7.0 

0.5 

0 

acquired 

from 

307 

12. 84 

6.03 

IO.9 

2-5 

35-5 

57-5 

3-5 

1.0 

0 

dealers 


308 

11. 11 

6.86 

1 7-9 

3-5 

19.0 

59-5 

7 -o 

1.0 

0 

From 200 


110 

J 3 - 5S 

6.78 

14.2 

2-5 

78.0 

29-5 

O 

0 

0 



in 

12. 84 

6.01 

20. 8 

3.0 

58.0 

34.0 

4-5 

0 

0 



2.11 

II . 11 

5.09 

16.7 

1.0 

41-5 

56.0 

2-5 

0 

0 



1: 3 

14.16 

6.55 

10.6 

3.0 

5 s -5 

34-5 

3-5 

0 

0 



114 

14-55 

6.38 

15.6 

5.0 

32-5 

59.0 

2.5 

0 

0 




13.38 

7-33 

J 3-3 

0.5 

70-5 

25.0 

1.0 

0 

0 



216 

12.33 

5. ii 

16.3 

t -5 

34.0 

62.0 

1.0 

0 

0 



284 

13. 11 

6.51 

15.6 

1.0 

43.0 

53-5 

2-5 

0 

0 



285 

13-77 

6.74 

J 2-4 

2-5 

46.O 

50.0 

1.0 

0 

0.5 



286 

11.98 

6.49 

26.4 

4-5 

46.O 

47-5 

1.0 

0 

0 



287 

12.49 

7-15 

l6.1 

2-5 

47 -o 

46.5 

3-5 

0-5 

0 



288 

11. 06 

6.38 

CO 

ft 

2-5 

38.5 

56.5 

1.0 

0.5 

0 

A vc 



12.95 

6.38 

16.9 

2-5 

49-5 

45-3 

1.1 

0 . 1 

0 


receiving it were given a double quantity of the vitamin supplement. The M-6 ra- 
tion was prepared by replacing 40 per cent of the M-3 ration with ground corn grits. 
This ration was supplemented with 3 per cent whole liver substance, the regular 
vitamin supplement, and 50 cc. raw milk per day. 

Each monkey was bled in the morning, usually before feeding, from the margina 
veins of the ear, or in later experiments from the saphenous vein of the leg since 
this gave a more adequate blood sample from young monkeys. Hemoglobin uas 
determined with the Evelyn photoelectric colorimeter. The total leu 'oc.wc 
and erythrocyte counts were made in the usual way. Dry smears, staine wl 

Wright’s stain, wereusedfor the differential counts and the neutrophil an ) m P 

ocyte counts were expressed as per cent of the total white cell count. On- mn 



Table 3. — Tie Composition of Blood from Monkeys Fed Different Complete Diets 


Diet 

Monkey 

Number 

Hcmo* 

plobin 

i 

(Erythrocyte 
1 Count 

Total 

Leukocyte 

Count 


Differential Le;kocyte Count 


, Mono* Xcutro- Lym- 
cyte 1 phil phocyte 

Eosino- 

phil 

1 Mast 
i Cell 

J Unclas- 
j sifted 



Gw. per 

[Million* per 1 Thousands 








ton r : t . 

! cu. v:m. 

{ per cu. fliw 

'L 

c c 

0 

i 

! e '0 

M -3 + 1% 

1 

15.91 

5 . 6o 

' 15. s 

13.0 

’ 4 s -5 35-5 

2-5 

1 °- 5 

O 

whole liver 

1 

; M- lS 

6. 1 1 

iS.l 

• 4-5 

■ L4.0 60.5 

10.5 

1 

! O.5 

O 

substance 

'39 

’ 14. 16 

6.6- 

l6. O 

2-5 

4L.0 54.0 

1.0 

1 

' 5 

0 


16 1 

; 1 5 - 9 r 

j 5 - 7 ' 

1L.3 

5-5 

' 9-5 74-5 

0.5 

» 0 

O 


161 

14. S6 

6. ii 

' 3-5 

5.0 

LL.5 . 65.0 

6.5 

0.5 

0-5 


zS6 

15. i 7 

6. 46 

L4.0 

3.0 

lS.o 6L.5 

6.5 

1 0 

1 O 


2.S6 

15.05 

6.51 

lS-4 

4-5 

1 LL.O 67.5 

6.0 

1 0 

O 


2S7 

14. 7 S 

5- s 7 

* 3-8 

6.5 

37.0 54.0 

2-5 

t 0 

O 


2S7 

: ' 4-47 

6- 9S 

; IS. 3 

2-5 

. 41.0 53.0 

1.0 

! °-5 

O 


3CO 

' 4-35 

7 - '9 

■ L 7 . 9 

1 .0 

36.0 58.0 

4-5 

' O 

0.5 


300 

14.16 

: 6. 9 0 

: 1S.7 

3-5 

14.0 ’ 70.0 

2.5 

O 

O 


3 01 

■ 4-35 

i 6.35 

10.3 

,. 3 -° . 

| lS.o 63.0 

5-5 

0.5 

! 0 

Avc. ... 

14. S 7 

I 6.37 

iS. i 

! 4 -S 

: 3 '-' i 59-8 

4.1 

0.L5 

■ 0. ro 

M-3 + 3% 

u 6 

> 3- s 9 

! 6.17 

"-7 

i 2-5 

19.5 1 66. 5 

"•5 

0 

0 

liver extract 

ico 

14. oS 

6.s 7 

2 - 2-7 

| I .O 

34.0 ’ 6l.o 

2-75 

1 0 

0.L5 


10S 

' 3 - 5 ° 

5.76 

10. 0 


33.0 55.0 

3-5 

■ 0 

1 '-5 


Log 

13.03 

, 6.4S 

17. s 

6.0 

L7.5 ! 5L.5 

' 3-5 

! 0.5 

1 O 


lS 4 

' 4-35 

6.68 

l6. I 

'•5 

3S.0 1 58.O 

1.0 

: °-5 

O 


lS 5 

14. 16 

6.6l 

15. 8 

3-5 

i 43 -o 5 ’ - 5 

1.0 

D 

O 


l 9 S 

13.58 

5 - 2-6 

1S.0 

I . O 

! 55.0 , 40.0 

4.0 

O 

O 


l 99 

'3.30 

5 - 2-0 

' 7-0 

I O 

1 l 9 .o { 6 9 .0 

1.0 

O 

O 


3 '4 

14.16 

7.04 

16.1 

1 O 

59 5 34-5 

2-5 

'•5 

O 


3'5 

15. 9 i 

7.16 

2-2-6 

~ 5 

I5.O 1 67.O 

3-5 

I .O 

1.0 


316 

'5 • '7 

6.71 

9-7 

3 -o 

LL.O ■ 74-0 

O 

• 1.0 

0 


3 1 7 

14. l8 

6 . 76 

12.. 2. 

3-5 

44-5 i 48.5 [ 

'■5 

1.0 


A vc. . . . 


14. 12. 

6.39 

1 6.6 

2-9 

35-9 5 M 

3-9 

0.4 

0.3 

M-5 + 3% 

l6 7 

13.30 

6 - 53 

l/.O 

5-5 

33-5 i 55-5 | 

4.0 

0 

'•5 

whole liver 

l68 

13. L 3 

7-47 

ir.i 

r.o 

45-5 ; 52.0 

'■5 

0 

O 

substance 

l6 9 

' 4-35 

7.64 

2 - 9 - 2 - 

-5 

19-0 j 72.0 1 

6-5 

0 

O 


l6 9 

14.78 

6. 9 o 

l6. I 

L.O 

I4.O SO.O j 

4.0 

0 

O 


272 

15.48 

6.41 

17.6 

J " 5 

385 55 5 1 

2-5 

0 

I 


2-73 

14.08 

6. 46 

2 - 2-3 

5.0 

LL.5 : 72.0 ; 

0.0 

0.5 

O 


l88 

14.86 

5.65 

i 9 . 6 

4.0 

19.5 72.0 

4.0 

0.5 

O 


l88 

' 4-55 

6.08 

3 6 -3 

L.O 

14.0 ! 68.0 ; 

6.0 

0 

O 


30L 

17-04 

6.38 

10.0 

5 -° 

2.0.5 1 68.0 1 

6.5 

0 

O 


30L 

14.78 

6.56 

11. 0 

'-5 

L4.0 | 67.5 ! 

7.0 

0 

O 


304 

14.86 

7-36 

"-9 

3-5 

36.0 | 51.0 

7-5 

1.0 

O 


3°4 

' 4-55 

6.55 

' 3-4 

8.0 

23.5 j 59.0 

8.0 

1.0 

o-5 

Avc 

14.65 

6.66 

LI . 4 

35 

l6.7 64.4 ; 


0.3 

0.1 

M-6 + 3% 

310 

14. l8 

5.40 

18.6 

6.0 

lo.o 5 9 -5 , 

"-5 

1 .0 

1.0 

whole liver 

3 " 

13.50 

5-54 

L8.4 

4.0 

L4.5 68.0 , 

3-5 

0 


substance 

3 " 

15.05 

5-75 

l 6-7 

4-5 

11.5 66.5 

4-5 

1.0 

1 



3 "- 

13.50 

6.36 

18.3 

2-5 

30.5 63.5 

i-5 

0-5 



3 "- 

13.78 

6.15 

2 - 3 - 2 - 

1.0 

42.5 49-5 

5-5 

o-5 



3 12 - 

14.16 

5 . 9 6 

IO. 1 

3 -° 

31.0 6l.5 

1.0 

0.5 



3 1 3 

"-•33 

5.78 

l8. I 

2-5 

18.5 68.0 

10.5 • 

O 

0. 5 


3 '3 

13.85 

6.71 

l6.8 

2-7 

l 7 .o 1 58.5 

11. 0 

O 



3'3 

' 3- 8 9 

5.88 

' 5-4 

3.0 

l6. 5 58.0 

11. 0 

Q -5 


Ave. 

13. 8l 

5-93 

LO. 6 

3-3 

l 7 - 1 6i -5 

7 -° 

Q-5 

0.4 


'57 
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white cells were counted in each of two different areas of the smear. If a discrcpan— 
was found between these two counts zoo or 300 more cells were counted. Beaus- 
of the recognized difficulty of distinguishing the monocytes from the large lympho' 
cytes, we included among the monocytes those cells showing a comparatively 
smooth homogenous nuclear structure, which stained more lightly and which was 
buckled or folded, usually with fine azurophilic dust in the cytoplasm. Otherwise 
the large cells were classified as lymphocytes. 

Table 1 contains the blood records of 3 young monkeys recently acquired from 
the dealer and maintained for 4 weeks on the general practical ration as described 
above. This table also includes the data for 12. monkeys that were kept at a local 
zoo for 3 months and which had access to the following types of food : fortified 
white bread, cabbage, carrots, swiss chard, bananas, oranges or apples. Thcblood 
picture of these two groups of animals was similar and thevalues agree in most in- 
stances with the data of Shukers et al. 1 Although the erythrocyte count was 
slightly higher than most of the previously reported values, the per cent of neutro- 
phils in the blood of the monkeys from the zoo tended to be higher than in those 
from the dealer. 

All monkeys receiving supplements of whole liver substance showed higher 
hemoglobin concentrations, similar white blood cell counts, but a considerably 
lower neutrophil and higher lymphocyte differential count than those animals 
fed natural diets. The blood picture of representative monkeys fed supplements of 
whole liver substance is presented in table 3. 

When 3 per cent liver extract was fed as the liver supplement to the M-3 ration, 
the animals showed about the same blood values as those fed whole liversubstancc 
except that the neutrophil-lymphocyte ratio tended to rise from a normal value of 

to values ranging up to 1.0 

BLOOD PICTURE IN VITAMIN DEFICIENCIES 

It is of interest to note the various characteristic blood dyscrasias that result in 
the rhesus monkey from a deficiency of certain members of the vitamin B complex. 
Deficiencies of pyridoxine, 22 riboflavin, 20 pantothenic acid, 22 folic acid, 23 - •’ and 
the monkey antianemia factor 23 - 24 each result in an anemia. Folic acid deficiency is 
also characterized by a severe leukopenia. Chronic deficiencies of pyridoxine, ribo- 
flavin, pantothenic acid or folic acid show in addition an abnormally high neutro- 
phil-lymphocyte ratio. It has been shown recently 20 - 22 - 24 that this effect is due to 
a concomitant deficiency of the monkey antianemia factor. Supplies of whole Ihc. 
are required in addition to pyridoxine, riboflavin, pantothenic acid or folic aci 
for complete blood regeneration. All of these changes are summarized in figure 1. 
Typical changes in the differential count of the blood from a single monkey 
veloping a deficiency of the monkey antianemia factor are shown in figure i. 

Two monkeys fed diets containing egg white and supplied with excess mtin 
(100 ug. per day) have shown consistently high leukocyte counts. One o t c s- 
showed a neutrophil-lymphocyte ratio of z .0 (table 4). 
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Table 4. — Bleed Studies cn Meieiejs Fed White Rutient with Exetss Bestir. 
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1 

Time on ' 
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1 

1 
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Leukocyte 
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4.0 

35-5 

5--° ■ 

S.o 

r> 

r -5 


DISCUSSION* 

The data in figure 1 indicate that wide variations in the total leukocyte co— 1 
of the blood of monkeys on different diets are frequently seen. Although the tan* 
tion in the white count is not completely explained, it is quite probable that nun* 
high white cell counts are the results of ex'citement of the animals unaccustome- ^ 
being subjected to blood tests. It has been observed in our laboratory that the 
blood ex'amination of many newly acquired monkeys is characterized b> 2 i-- 
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white count. After the animal has been handled several times the leukocyte counts 
not only tend to be lower than the initial counts but also are more uniform, unless 
subsequently altered by the dietary regimen. In the case of folic acid deficiency, a 
severe leukopenia develops but the record of the total white cell count occasionally 
shows an abnormally high value. These increases are probably the result of a 
response to the intercurrent infections such as dysentery to which folic acid-de- 
ficient monkeys arc particularly susceptible. 23 

A cell common to the monkey has been described by Fox 12 as a basophilic neutro- 
phil and by Hall 11 as the mast cell. Our data indicate that a cell which seems to be 
identical with the mast cell of Hall is present frequently (o-i per cent). Suarez et 
al. 2 have described the presence of metamyelocytes in the peripheral blood of rhesus 
monkeys of all ages but we have not observed this cell. 

As a result of recent advances in the knowledge of the nutritional requirements of 
the rhesus monkey it has become possible to obtain a more exact picture of the con- 
centration of hemoglobin and the formed elements in the blood of the normal 
monkey. Using the purified rations as described and supplemented with all the 
crystalline B vitamins and one of several liver products, the blood picture has been 
found to be considerably higher than that previously accepted as the normal pic- 
ture. When whole liver products are fed as supplements to the purified rations, the 
hemoglobin and erythrocyte counts are higher, and the neutrophil-lymphocyte 
ratio is lower than when liver extracts are given as supplements or when certain 
mixed diets arc used. One monkey fed the M-3 basal diet supplemented with 3 per 
cent liver extract for four years ultimately developed a reversed neutrophil- 
lymphocyte ratio, a mild anemia, and failed to maintain its body weight. Three 
weeks after substituting whole liver substance for the liver extract, the blood pic- 
ture of this animal was completely restored to the high levels found in those animals 
fed purified rations supplemented with whole liver substance from the beginning. 

Thus the great variation in the differential count reported by many of the pre- 
vious workers may be accounted for in part by the use of an inadequate diet. For 

example, we have shown that a high neutrophil-lymphocyte ratio (c.g., - ^ ulti- 


mately results from single deficiencies of four different B vitamins and that when 
these rations are adequately supplemented with all the vitamins and a supply of 


whole liver substance, the neutrophil-lymphocyte ratioisabouto.5 ( )■ ^ should 


be noted that Suarez etal. 2 have reported a high neutrophil lymphocyte ratio 


5 ° 


in adult monkeys in contrast to the low neutrophil-lymphocyte ratio 


A£\ 

\5 7 / 


of in- 


fant monkeys. During the first few months of postnatal life the major component 
of the diet of the monkey is milk supplied by the mother and wc have found that 
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this supports excellent growth and a normal blood picture in the infant r h-~ 
monkey .- 5 

The blood dyscrasias which we have described that result from single deficient 
of pyridoxine, pantothenic acid, riboflavin, folic acid, and the monkcvantiacerk 
factor have been found to be characteristic of each deficiency. These altcratio-; 
such as the acute leukopenia of folic acid deficiency, generally precede and a.- 
ascertainable before outward deficiency signs develop to any significant exttt: 
Hence these blood examinations are of special value when used in connection v,i in- 
growth data and outward deficienq- signs to determine accuratelv the stare r: 
deficiency that exists in an individual monkey. 


SUMMARY 

i. Rhesus monkeys fed purified rations supplemented with adequate amount- 
of the B vitamins, ascorbic acid, and whole liver substance maintained the follow- 
ing average blood picture: 


Hemoglobin . 

Red blood cells 

Total leukocyte count. . . 

Differential leukocyte count 

Neutrophils 

Lymphocytes 

Monocytes . 

Mast cells 

Eosinophils 


14.5 Gm.% 

6.33 millions pn' cc. r it. 
10.0 thousands per cu. 


Si -9% 

3 -S% 

°-3% 

5-3% 


x. Natural diets or purified rations supplemented with liver extract do not sup- 
port the above blood picture. The hemoglobin is lower and there is an increase in 
the range of the total leukocyte count and in the neutrophil-lymphocyte ratio 

to x.o These figures are similar to the values in the literature and generally 

accepted as the normal. 

3. Previous reports have shown the characteristic blood dyscrasias which de- 
velop when monkeys are fed certain B vitamin-deficient diers. These changes at: 
summarized graphically in this paper. 

4. The importance of determining the concentration of hemoglobin and in- 
formed elements of the blood as a diagnostic test in nutritional studies I135 b— *• 
shown. 

We wish to acknowledge our indebtedness to Merck and Co., Rahway, N. J., for some °. it- 
line vitamins; to Wilson Laboratories, Chicago, 111., for the various liver preparations, a- to 
Laboratories, Inc., Pear) River, N. Y., for svnthetic folic acid. ^ ^ ^ 

The authors are grateful to Miss Ethel Thewlis for aid in determining cellular elements 
Harry A. Waisman and James H. Shaw for assisting in early parts of the work. 
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HEMOPOIESIS IN RIBOFLAVIN-DEFICIENT RATS 


By K. M. Endicott, M.D., Arthur Kornberg, M.D., and 
Maurine Ott, A.B. 

I N THIS laboratory, experimental granulocytopenia and anemia in rats have been 
produced by a number of dietary deficiencies, including “folic acid" (ptcrovh 
glutamic acid) deficiency, 1 ’ 2 riboflavin deficiency, 3 pantothenic acid deficient « 
and deficiency of essential amino acids. 5 A detailed study of the hemopoietic tissues 
in folic acid deficiency and their response to folic acid therapy has been reported.' 
The present study is a comparison of hemopoietic tissues in the granulocytopenia 
and anemia of riboflavin deficiency with the hemopoietic tissues in folic acid de- 
ficiency, including the response of these tissues to vitamin therapy, 

In the studies of Kornberg, Daft, and Sebrell, 3 rats fed a diet deficient in ribofla- 
vin developed granulocytopenia in about 50 per cent of the cases and, less fre- 
quently, anemia. The granulocytopenia responded to treatment with folic acid 
in 30 or 33 rats but responded to riboflavin therapy in only 6 of 2.8 rats. Ribo- 
flavin alleviated the anemia in 10 of 17 rats while folic acid failed to do so in all of 
7 rats. In the present study, therefore, rats having granulocytopenia were treated 
with folic acid while rats having both granulocytopenia and anemia were treated 
with riboflavin. 

The experimental conditions with few exceptions have been similar to those of 
the previous study of hemopoiesis in folic acid deficiency 0 so as to permit accurate 
comparison of hemopoiesis in the two deficiencies. Both studies were carried out by 
a quantitative method in which an index of the total quantity of each rype of cell 
in the bone marrow is obtained. This is accomplished by determining the average 
cellularity of the marrow and the differential count of marrow cells. The average 
per cent of cellularity is multiplied by the per cent in the differential to arrive at a 
quantitative index of the total amount of each type of marrow cell. 

EXPERIMENTAL METHODS 

At weaning, albino rats of both sexes of Osborne and Mendel strain were fcJ 
purified diet number 950 3 ad libitum. This consisted of leached, alcohol-extractcd 
casein (18 per cent), dextrose (68.76 per cent), hydrogenated vegetable oil (8 per 
cent), salt mixture (4 per cent), CuSOj^HjO (c.08 per cent), and ferric citrate 
(1.16 per cent). To each 100 grams of this diet were added thiamine hydrochlori c 
(1 mg.), pyridoxine hydrochloride (1 mg.), calcium pantothenate (4 mg.), nico 
tinamide (z mg.), z-methyl-i ,4-naphthoquinone (vitamin K) diacctate (0.4 mg.), 
biotin (0.001 mg.), and choline chloride (too mg.) dissolved in 1-0 cc. of to per 
cent ethanol. Twice weekly each rat received 0.15 cc. of corn oil containing zcco 
units of vitamin A and zoo units of vitamin D, and once weekly 3 mg- 0 « 
opherol in 0.03 cc. of ethyl laurate. The study extended over a period of 15 mont 1S 

From the Pathology Laboratory (K. M. Endicott and Maurine Ott) and the Div ision of Ph ' 
(Arthur Kornberg), National Institute of Health. 
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Eight rats from two or more litters were placed on the experimental regimen each 
week. Within the first week the following determinations were carried out on 
each rat using freely flowing tail blood : hemoglobin (Evelyn photoelectric colorim- 
eter), hematocrit (van Allen), erythrocyte count (in duplicate, diluting in Tren- 
ner pipets), leukocyte count (in duplicate, Trenner pipets), differential leukocyte 
count (loo cells), and reticulocyte count (with the Miller disk*). 

The rats were observed daily and the leukocyte and differential counts and the 
hematocrit determinations were repeated when any of the following signs werc 
notedifacial porphyrin stains, pallor, loss of hair, dermatitis, general weakness, and 
loss of weight. When these check counts indicated that the rats were suitable for 
special hematologic study, complete blood determinations, as above, were repeated 
and the rat was studied under one of the following experiments: 

(a) In order to study the hemopoietic tissues of rats with severe granulocyto-, 
penia, il rats were killed when their polymorphonuclear counts fell below 150 
per cubic millimeter. 

(b) A corresponding group of li rats with similar or more severe granulocyto- 
penia were given daily oral doses of L5 micrograms of crystalline folic acidjfor 
periods of 4 days (8 rats), S days (6 rats), and il days (7 rats). In each case complete 
blood determinations were carried out at the end of the treatment period and the 
rats were killed for detailed studies of hemopoietic tissues. 

(c) Another series of 11 rats with both granulocytopenia and anemia (hemato- 
crit below 30 vol. per cent) were studied without treatment for comparison with 
the series (a) rats showing granulocytopenia alone. 

(d) A group of 4 rats with hematocrit values below 30 vol. per cent were treated 
for xo days with daily oral doses of 100 micrograms of riboflavin and were killed 
and examined for the purpose of noting the effect of this therapy on the hemo- 
poietic tissues. 

(e) For the purpose of studying the evolution of the dyscrasias rats were selected 
according to the following criteria: (1) The blood picture must have been normal 
at the beginning of the experiment, (l) A period of at least 1 month on diet number 
990 must have elapsed. (3) A steady downward trend of the granulocyte count 
must have been shown. (4) There must have been no anemia at any time. Thus this 
series comprised 7 rats with polymorphonuclear counts over 1000 per cubic milli- 
meter, 4 rats with counts between 500 and 1000, 5 rats with counts between 150 
and 500, and il rats with counts of less than 150 polymorphonuclears per cubic 
millimeter. 

In all experiments the blood of each rat was examined on the day of death. Rats 
were killed with illuminating (mixed natural and coal) gas. Giemsa-stained smears 
of marrow from the left femur were prepared by the plasma diluting method,' 

* Microscope ocular disk designed by Dr. John W. Miller, manufactured by Bausch and Lomb 
Optical Company The disk is ruled with one square (7 X 7 ®"-) containing a smaller square m one 
corner having one ninth the area of the larger square. For each of 50 fields the erythrocytes m the smaller 
square and the reticulocytes in the larger square are counted. Reticulocytes - 9 X erythrocytes = 

/0 ^FumhheTby courtesy of Dr. E. L. R. Stokstad and B. L. Hutchings, Lederle Laboratories, Inc. 
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erythrocytes and erythrocytic disease 

Case ‘ Factor cw ™ ** 
ivith various c - s of 

Ihrcc cases of pernicious anemia showed clinical and hematologic improvement follow, ng oral or 
parenteral treatment with L. casts factor. Improvement was of a degree comparable to that which would 
ta\c Ken o sorted following liver extract therapy, although the reticulocyte responses were not as treat 
following /,. c.titi factor ther.ip)’. 

One parjenc with clcfinicc signs of subacute combined degeneration of the spinal cord showed marked 
improvement following L cutset factor rh crapy. Complete clinical and hematologic remission was mam- 
tamed for a period of six months in i patient on 15 mg. of L. cast] factor daily. Four patients with nutri- 
tional macrocytic anemia responded satisfactorily to L. caret factor treatment. Two eases of sprue with 
macrocytic anemia improved clinically with decrease in fatty diarrhea and gain in weight when given L. 
c.nct factor, hut showed no significant improvement in anemia. 

One ease of celiac disease showed improvement in clinical condition and slight improvement in anemia. 
No improvement followed L. casti factor therapy in 2. patients with aplastic anemia, 1 case of unexplained 
macrocytic anemia with hyperplastic bone marrow, x case of myxedema with macrocytic anemia, and 1 
ease of regional ileitis with anemia. 

J.F.R. 


An UsinENTitiEO Factor or Factors ErrEcrtve in the Treatment of Experimental Blood Dkcrasias 
in Rats. V. S. Daft anil IF. II. Stlre/l. Fed. Proc. 5: 131, 1946. 

It has been shown that rats deprived of pantothenic acid develop anemia and granulocytopenia, and 
that pantothenic acid prevents the production of these abnormalities. In cases in which the granuloc) to- 
penia developed without concurrent anemia, L. card factor (folic acid) was able to correct the neutropenia 

without the use of pantothenic acid. . , , 

Daft and Scbrcll gave rats a pantothenic-acid-deficient diet identical with the one : used tu t e a 

experiments, except that it contained folic add in amounts of 4 micrograros per gram 0 0 . arson 

diet developed both anemia and granulocytopenia. When this condition occurrc ’ acjM [hc 

dried liver was more effective than treatment with pantothenic acid alone, twa 

there is probably in liver an additional factor, neither folic add nor pantothenic aetd, which presents 

anemia and granulocytopenia due to dietary deficiency. s E 

Addisonian Anemia Following Entero-Anastomosis ./. E . 

According to this report, there ate some 5. cases m the ttera J ^ fc> . lhcp0 s- 

with intestinal strictures and anastomoses. Richardson fii nds than * ^ , vhose function 

nilaic that pernicious anemia probably results from the L J % hc states, allows the ,bsor 
it is to maintain the integrity of the intestinal mucos. UcL of * ^ o!i ^ c totie 
,'o„ of '■toxins” which result in the various changes of permc.ous 
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intestinal mucosa may result in the same picture. Thus, in intestinal stagnation there is excessive forma- 
tion of toxins which may in themselves cause damage to the mucosa even in the presence of normal 
amounts of the hemopoietic principle. In ileocolic anastomosis, the normal hemopoietic principle is not 
absorbed, and in addition the stagnant loop below the site of anastomosis may produce mucosa-damaging 
'Toxins.*' 

Richardson's case report concerns a xo year old man who required jejunocolic anastomosis because of 
intestinal obstruction following an acute appendiceal abscess. Pain, diarrhea, and vomiting occurred 
occasionally during the following live years. Examination at the end of this time revealed increased 
gastric acidity and a duodenal ulcer, and a macrocytic hypcrchromic anemia with blood smears typical of 
pernicious anemia. No bone marrow examination was done. Treatment with liver extract caused moderate 
rcticulocytosis. Subsequent rcoperation with elimination of the jejunocolostomy and restoration of the 
normal continuity of the bowel was done, following which the blood counts returned to normal and the 
complaints disappeared. Temporary postoperative treatments with blood transfusion, liver extract, 
vitamins, and iron were stopped, and the patient seemed cured. 

The usual explanation for the development of macrocytic anemia after gastrectomy, gastroenterostomy, 
etc., is the elimination of the intrinsic factor or the hampering of its absorption. It is interesting that, of 
the 51 eases mentioned in the literature, 18 were associated with various enteroanastomoses, so that the 
possible role of mucosal damage and "toxins" postulated by Richardson may have to be seriously con- 
sidered in further attempts to determine the etiology of this condition. 

S. E. 


Acute Hr.Mot.YTtc Anemia Associated with Autoaggeutination with a Thermal Amplitude of o to 

37 C .11 I.ubnuU and A' Goldhlcom . Am. J. Dis. Child. 7 2: 3x5-333, 1946. 

A fatal ease of acute hemolytic anemia in a boy aged 11 years is described. The patient's scrum con- 
tained autohem. agglutinins active against autologous and other group A red cells and group O cells in a 
titer of 1 14 at refrigerator, room, and body temperatures. The agglutinins were completely absorbed with 
A and O cells at all three temperatures. "Purified agglutinins,” absorbed by group A cells at both refrig- 
erator and body temperatures and washed into saline at 56° C., were active against group A and group O 
human cells, and also against erythrocytes of rabbit, duckling, and sheep. To the best of the reviewer's 
knowledge, this is the seventh reported case of hemolytic anemia associated with autohcmagglutinins 
acme at bods temperature. Fisc of the 7 eases have terminated fatally. In 3 of the 7 cases, including the 
ease described in this report, positive Wassermann reactions svcrc observed. 

An excellent discussion of the possible origin and significance of autoagglutinins is presented. Lubinsbi 
and Goldbloom suggest that the antigen for autoagglutinins may be composed of (1) a substance derived 
(torn toxic or infectious agents and (2.) some part of the red cells, and that the combination may alter the 
cry throes tc so that it acts as an antigen in and against its own serum. The occurrence of autoagglutinins 
in nonhemoh tic diseases is emphasbed and the authors express the opinion that autoagglutinins are never 
primarily responsible for hemolysis tr. t/iti. No mention is made, however, of the fact that increased 
mechanical fragility of agglutinated erythrocytes has been demonstrated by other investigators. It is 
reasonable concluded that the exact role of these peculiar antibodies in hemolytic anemia is far from clear. 

L. E. Y. 


1-1 snircvsn Fnsr.imx in Acute Inmctious Hepatitis. D. F. Heir. J. Clin. A Lab. Med. 1175-11S5, 

'V4<-- 

Icteric indices and the susceptibility of the erythrocytes to hemolysis in hypotonic salt solutions 

eisthrcwte fragility"' were determined in qy soldiers ssith acute infectious hepatitis during brief 
periods of observation Helimtc decrease in erythrocyte fragility (increased resistance) x\as observed 
s'.i-.r 111 1; the utriic pl:a»e of the disease, but this decreased erythrocyte fragility was not a function of tile 
(■i!e pign cm cs'iu nitration o! the pla'ina. 

(Vc t>- ■■■■!’.■ experiment is reported in which normal erythrocytes were incubated with icteric serum 
red c:\tb.tOsSies '.to:-, a jaundiced patient .with increased fragility) were incubated in normal scrum. 


NT it! er tv 


Libs'- proposes t!:e h\ 


is that the s'bscrs _j fragility changes arc not due to the effect of s 


p as-r a i.-metet a.iing dircstly on t!-.er erythrocytes, but reflect a more fundamental disturb- 


, j*. a rc'u ? : o! h%cr darr.ac 


J.F.R. 
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sirarcii rcpcatcdlv. The red cell count fell onlv ^ ^ j • S \ d cl,s ' crc demon- 

- - »* .n™ >™C r r 

x-rays of the ttbtac and skull were normal Although hemolysins could not be demonstrated^ ten « 
glut.mns vv crc present in low t.ter. Splenectomy was refused by the patient. Other members of the famth 
could not he examined; both parents had died of unknown cause 

Mcrskcy and Baskind 1 state that this is the tint case of chronic hemolytic icterus to be reported in an 
African native. M mtrohe (Textbook of Clinical Hematology) has, however, encountered congenital 
hemolytic jaundice in a Negress of mixed blood, and Scherer and Cecil Q. Lab. & Clin. Med. JU. f , 
is^ 5 ) base reported another case in a Negress in whose family miscegenation could not be excluded' 
Although this care conforms to the usual pattern of congenital hemolytic icterus, the authors prefer to 
leave open the question as to whether the disease in this patient was congenital or acquired. The possible 
rule of malignant tertian malaria is also considered since the patient lived in a malarious area and rings 
were found in a blood smear on one occasion. The conservatism of the authors with regard to exact diag- 
nosis is probably justilied in view of current uncertainties in the classification of hemolytic disorders. 

L. E V. 


11 i.vioi.vtic Disease or rue Newborn (Erythroblastosis Fetaus): Treatment by a Single Massive 
Tnassrvsio.s- with Complete Recovery. A. Blextm. Am. J. Dis. Child. ;.v 3x0-34, 1936. 

A group A, Rh positive infant with erythroblastosis fetalis (mother group 0 , Rh negative, father 
group A, Rh positive) accidentally received a transfusion of 300 cc. of group A, Rh negative blood. The 
infant's condition remained satisfactory following transfusion; ictttus of the skin was not noted. 

Whereas erythrocytes of the cord blood had reacted weakly with anci-Rh serum, the infant s red cells 
ij da vs after the massive transfusion reacted strongly. The author therefore postulates that the infant 
received an "anri-Rh antigen-antibody reaction factor" in the transfused blood which permitted his own 
Rh positive cells to survive. Bloxsom is of the opinion that Rh negative persons may have in their blood 
a suppressing (or anti-Rh antigen-antibody reaction) factor which "cushions the ancigen-antibodi 
reaction. He therefore suggests that use be made of this inhibitory substance by giving to erythroblastooc 
infants larger transfusions of Rh negative blood than are customary (although not as large as given acci- 


dentally in this case). 

There is some evidence in the literature that substances capable of inhibiting hemolysis and hemag- 
glutination ate present in both normal and pathologic human seta. Iris unfortunate, however t. tat tbe 
speculations advanced in this r a F er are not supported by mote detai.ed tnfottnattoa on 
No mention is made of blocking or "developing" antibodies, as contrasted with agglutinating ant, . 
in the scrum of cither the mother or child. £ y 


„ r Em E I Prr/iertaft aid J ■ G. Humble. Proc. Roy Soc. Med 

Chronic Haemolytic Poeycythacmia. I. K<«r, K. J. euiitnajr, j 

It: 307-30S, t93f. fatigue, dyspnea, blue spats on 

This report concerns a 37 year old woman wit . revealed cyanosis, hepatosplcnumeg- 

the face and legs, and ulcers of the lower legs^ J J ^ ^ c0U(US u - cre as follows. RBC 6 5 
alv, and several small ulcers of ^e lowcr third J The serum bilirubin was . 6 mg. 

M-, HGB HO per cent WBC £ Thfb.oS showed spherocytosis, and m 
indirect, and the re.tculocytes numbered 3 pa c ^ ^ w complc te at 0.33 P er 

tonic i-SS marked normoblastic hyperplasia, with ,d P=r cent of the 

ti« mi. .1 k ■ “'7; 1 

-* - - — * ~ ~ 
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compensation by the bene marrow resulted in the development of erythrocytosis. Certainly such an event 
is rare. It is difficult to see why there is not a total bone marrow reaction, for the white and platelet counts 
arc not elevated; but, on the other hand, this is not the typical picture of polycythemia vera with hemoly- 
sis, for the same reason (i.e., the reaction is purely erythrocytic). The possibility that this is an example 
of symptomatic hemolytic anemia in association svith polycythemia vera, however, cannot be ruled out, 
for a certain number of polycythemia eases do noc show leukocytosis and thrombocytosis. The occurrence 
of leg ulcers, seen in other chronic hemolytic processes, is of interest. The ease is presented as a curiosity 
of obscure pathogenesis. 


Discussion - on thi: Lire and Death or the Red Blood Corpuscle. S. T. Callcndtr and J. F. Loutit. Proc. 
Roy. Soc. Med. 755 " 76 o, 1946- 

Callender summarizes her observations on the length of survival of transfused erythrocytes in the cir- 
culation of normal male and female subjects as determined with the Ashby technic. In male subjects the 
average life of the transfused red cells was 60 days and the rate of destruction was 0.83 per cent of the 
initial amount per day. This indicated that the red blood cells live nearly a constant time — izo days from 
their birth. The average life after transfusion is half this — 60 days, since the transfused cells are of all 
ages and have already lived 60 days on the average. In females menstrual loss produced different types of 
survival curves, although the life of cells was no days, just as in males. 

Loutit discusses the survival of erythrocytes transfused into patients with various hematologic abnor- 
malities, survival being determined by the Ashby technics. Normal cells transfused into patients with 
h\ pochromic anemia had a life span of 100-105 days. 

Normal erythrocytes transfused into patients with pernicious anemia showed an average survival of 
40 5 das s (in contrast to the average survival of 6o days in normal recipients), a low value which probably 
is attributable to the fact that the transfused blood had been stored for 5-14 days. Transfusion of blood 
from pernicious anemia patients into normal subjects was followed by rapid disappearance of the trans- 
fused cells from the recipient's circulation. Fifty per cent survival occurred at the 10th and nth days. 
These observations suggest that the cells of patients with pernicious anemia are destroyed a great deal 
more rapidly than normal. 

Transfusion of normal cells into patients with familial hemolytic anemia was followed by a normal 
survival curve (maximum no days). In marked contrast when norma! cells were transfused into eases of 
acquired hemolytic jaundice, they were destroyed very rapidly, the mean 50 per cent survival being 5 days 
ill contrast to 54 days in familial hemolytic anemia). 

When cells from patients vsith familial hemolytic anemia were transfused into normal subjects they 
were rapidly destroyed, 50 per cent survival being noted between the 4th and 15 th days. Cells of acquired 
hemolytic anemia transfused into normal recipients survived normally (50 per cent survival in excess 
o| 30 day s). 

These observations arc interpreted as indicating that the cells of familial hemolytic anemia arc abnor- 
mal due to an inborn defect of the cell, while in acquired hemolytic anemia the cells arc "sensitized” bv 
some circulating hemolysin. 

J. F. R. 


Tin Dissrri sRANcr or Suli-m slxioglouin most Circulating Blood in Relation to Red Cell 
Di si ruction /; ,M. Jrpr. Pro;. Roy. Soc. Med. j?.- 760-761, 1946. 

Jo;v studied spectrophotometrically the disappearance of mcthemoglobin (MHb) and sulfhemo- 
rjobin (SHb' from the circulating blood of 7 TNT workers after their withdrawal from contact with 
1 NT. The plots of SHb levels against time after removal from contact with TNT were well fitted 
hv a sttaight lire indicating complete disappearance of SHb at 116 (±5) days. This was considered a 
valid estimate of the life span of red cells containing SHb, up>n the assumptions that (1) the intact red 
.cl! has no mean of transforming SHb and the body no means of removing it other than bv removal 
- the ted veils "huh u'ntj'n it, l no significant SHb formation continues after removal from TNT, 
-'■J , ; neither Mlb no: the hefe pution of its molecule ts incorporated into nets cells. Jopc points out 
t’-t :e ati-g the de>t:o.ton of red cells containing SHb tothat of normal cells ir must alsob: assumed 
that .a SHIms t. rred at random. ,n cells of all ages, ar.J (5) formation of SHb within the cell neither 
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prolongs nor shortens its life. All of rtu-s,- • 

'”“7 «' » -V lor , £ " ,1[ " to “K *» 

Conclusions as to average life soan of ,rvrl„.„ . • “ t0 IC agent - 

well with the results obtained by differential agglutina^rA KK a* “l* 1 *' iincar dcw >' curvc *gro 

SHb and N' s isotope methods have the advantage of DermM ^ ar M<} N ' 5 1S0t0pc mcthoi!s - 
own cells. g ^ ttmg studies on the longevitv of the subject's 

r “• MHb di - pp '" d »««■ — * » , ** * „ fc 

;,t,T " ,H " — **» **** - ■*. r — «* , .* 

L. E V. 

IhsATO-A *A*rn °r Suu...EMOGU>m M most the Blood or T. N. T. Workers m K el.it, os- to the Dynam- 
ICS O, Rno Cell Destruction. A. Af. /^. Brir. J. Indust. Med. y i 3 M 4 l, I9 ,g. 

Met! hemoglobin and sulfhemoglobin were found in the blood of TOT workers. After removing the 
patients from al further occupational exposure, the disappearance rate of these two pigments from the 
circulating blood was determined spectrophotomerricalfy. Merbemoglobin was gone in less than a week. 
However, in seven workers with an original amount of over 4 per cent sulfhemoglobin, there was a 
straight line disappearance curve of the latter pigment, extending over no to no days. 

This disappearance curve corresponds to the survival of a mixed age population of erythrocytes studied 
by the agglutination technics. It was concluded chat once formed in the cell, sulfhemoglobin remained 
there until flic cell was destroyed. The abnormal pigment formation did not affect the viability of the 
erythrocytes. 

C. A. F. 


Studies or the Formation or Heme and on the Average Life Time or the Human Red Blood Cell 

O. ShmtnmiJ D. Rtutnhrg. Fed. Proc. 5,153, 1946. 

Investigations of the life span of the red cells have come into prominence in recent years. The usual 
methods of study have heen based upon the study of transfused red cells by the Ashby technic. In the pres- 
ent note, the authors have approached the problem from a different point of view. They have found that 
feeding glycine labeled with an isotope of nitrogen, N*\ results in the production of a heme most of whose 
nitrogen is of rhis ismopic form. Quantitative studies led to the conclusion that glycine is the nitrogen 
precursor of the protoporphyrin of hemoglobin; various other materials (prolinc, leucine, glutamic acid, 
ammonium citrate) did not substitute for glycine in heme formation. These workers, accordingly, could 
follow the concentration of the isotope in the red cells for months after labeling ivirh N 1 *; and they found 
that the average life of the red cell, by this technic, was about 12.5 days. This result correlates well with 
those obtained by the transfusion-Ashby technic. 


IRON AND BLOOD PIGMENT METABOLISM 

Studies in Iron Transportation and Metabolism. V. Utilization of Intravenously Injected Radio- 
actiVE Iron for Hcmooloiun Synthesis, and an Evaluation < nr the R. 

,on Studying Iron Arsoret.on, R. DM, C. V. him,, a«i V. AW. J. Lab. A Clin. Med. }t 

The trcinnce of injected radioactive icon in circulating hemoglobin, in the excreta, and in v anous 
tissues was «ud1ed > in nornfal human subjects, patients with various types of anemia, and in dogs tendered 

anemic by hemorrhage and by the administration hemoglobin with great rapid- 

!n normal human subjects the inhered iron app . jfrer £ h e injection. Eventu- 

i,v, more than & per cent being present m the circulating red cel ^ d Wood ccUs . 

2 So to 1,0 rcr cent of the injected sincere values are 

The authors’ values for the percentage uti 1 a arbitrarily assumed to be So cc. 

* - — *- - 
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one normal individual to another, and that in anemic states marked variations occur. This criticism is 
recognized by the authors, but its importance is deprecated. Furthermore, it is also probable that the 
actual circulating erythrocyte mass is considerably less than the values calculated from the assumed blood 
volume and the venous hematocrit. These considerations would suggest that the amount of iron actually 
appearing in the circulating cell mass might be considerably less than the values given by the authors. 

Normal dogs utilized injected iron less rapidly and less completely than the normal human subjects. 
The difference in total utilization conceivably might be related to errors introduced by assuming a con- 
stant 80 cc. blood volume for both human and animal subjects. 

Tissue analyses were made to determine the distribution of radioactive iron in z dogs. Seventy-two and 
78 per cent of the injected material was accounted for, most of it being present in circulating hemoglobin, 
bone marrow, and liver. 

Utilization of iron was more rapid and more complete in iron-deficient human patients and dogs. 
Utilization was very slight in patients with hypoplastic anemia. In pernicious anemia utilization was 
slight during relapse, but was increased following injection of liver extract, indicating that some of the 
iron had temporarily been deposited in storage depots. 

In hemolytic anemias utilization was less than normal and there was apparent rapid fluctuation in 
radio iron concentration in the circulating cell mass, fluctuations attributed by the authors to rapid 
hemolysis of the subjects' erythrocytes. Parc of the hemoglobin iron released from hemolyzed erythro- 
cytes was rapidly reutilized for formation of new hemoglobin. 

The authors present a justified criticism of the use of the appearance of orally administered radioactive 
iron in circulating erythrocyte hemoglobin as an indication of iron absorption. They point out that 
appearance of iron in the circulating erythrocytes is determined by rate of erythrocyte formation as well 
as by the amount of iron absorbed from the bowel. 

J. F. R. 

Determination or Camion Monoxide in Blood and or Total and Active Hemoglobin dy Carbon 

Monoxide Capacity. Inactive Hemoglobin and Methemoglobin Contents of Normal Human 

Blood. D. D. Van Styke, A. Milhr, J. R. Wnstgtr, and IV. 0 . Cruz. J. Biol. Chem. iC 6 : 121-148, 1946. 

The authors describe improved technics for determination of total hemoglobin, active hemoglobin, 
and inactive hemoglobin by CO capacity procedures. The accuracy of the methods in their hands was con- 
sidered to be for total hemoglobin ±0.2.6 per cent, active hemoglobin ±0.38, and inactive hemoglobin 
±0.41 (probable error calculated as 0.674 X standard deviation). 

In human blood the mean inactive hemoglobin by the CO method was 1.3 per cent ±0.35 percent of 
total hemoglobin when the analysis was performed immediately after drawing blood. This fell to 0.56 
per cent ±0.23 per cent in 2.-4 hours. Mean methemoglobin by the spectrophotometric method of 
Horecker and Brackett was only 0.4 per cent of total hemoglobin and there was no change over 2-4 hours 
in this value. 

The results presented a problem. It appeared that 1 per cent of total hemoglobin (as measured by the 
Na;S.O|— CO method) existed in an inactive form, resembling methemoglobin in its ability to bind CO 
mill after reduction of Fc i++ to Fc ++ , but differing from methemoglobin in not showing the mcthcmoglo- 
bm color reaction with HCN, and in rapidly acquiring ability to combine with CO as blood stood in 
1 art. 

C. A. F. 


LEUKEMIA AND LYMPHOMA 


- minis on T11L Leukocytic Picture in Brucellosis. M . R. Castaneda and G. Gutrrtro I . J. Inf. Dis. ySt 
4L-4S, 1 946. 

The authors report an anaylsis of the white blood count in a series of SSS cases of brucellosis seen in 
Mexico In most of the cases tile causative organism was Brucella melitcnsis. The infection was acute in 
half the cases (present for less than three months), and chronic in the other half (present for three to 
-"rise or more months). A single white and differential count taken from each patient ssas the basis for 
the studs. 


In to per cent of the cases leukopenia was present (2,500 to 5,500 white blood cells per cu. mm.) In 
w per sent of the cases the sshitc count ranged from 6,500 to 9,500; and in the remaining iS per cent the 
" ,,.,e event ss as bens een 10,50c and 20,0.0 In the cases with leukopenia there was relative Ivinphocyto- 
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it.::Ch bish white counts ' thc ptrccat ^ ***> 

Neutropcnia occurred in the ease with . 1 7 a «* I*** in most of these eases 

absolute polymorphonuclear leukocytosis counts became hi s f,,' 

J ° “■«“ " f H*w "P-0. she -ta c* 

— SSLSS 

Critical eval matron of these conclusions is not possible from the data presented. The choice of nLd 
sah.es b> the authors is somewhat unorthodox: they consider a white count of 5,500 as leukopenia sad 
C-, 5 oc questionably normal. The normal lymphocyte count is considered to be i,8 L, whereas a rang- of 

' ’ 5 “ “ , 5 ' 0CO 1S m °: c C0mm0nl >’ maintaine ‘ J - W bat data are given, however, suggest that in fully to per 
cent of thetr cases there is a definite leukocytosis, a fact at variance with the commonly accepted data 

S R 


larcTROcanmooRAPmc Evidence or Cardiac Complications in Infectious Mononucleosis. W. F. 

F.trtns and A. Grajliel. Am. J. Med. Sc. an: xxo-xx6, 1946. 

Four cases of infectious mononucleosis are reported in which there was clinical or electrocardiographic 
cv idcnce of involvement of the heart. The prominent electrocardiographic change was flattening and 
inversion of the T- waves. In x cases a friction rub was audible over the heart All cases showed return to- 
ward normal after subsidence of the infection, although alterations in the T-waves often persisted for a 
time after thc patient was clinically well. 

The authors believe that thc cardiac changes were indicative of pericardial rather than myocardial 
involvement. The incidence of these changes in the authors’ series was approximately 4 per cent. 

S E 


Heart Complications in Infectious Mononucleosis. F. J. Gnatfity. South. M. J. })■■ 693-656, 1546. 

The author reports a 14 year old boy with infectious mononucleosis whose electrocardiogram showed 
marked changes in thc Q- and T-waves during the height of the disease, w-ith a gradual return to normal 
after siihsidrnrc. Hegarhcrs si v other reports of cardiac involvement in infectious mononucleosis from thc 
literature, including prolongation of the PR-interval, alterations of the T-wave, and occurrence of pre- 
mature ventricular contractions. In one other case the diagnosis of mitral stenosis was made on clinical 
grounds, and in yet another a rheumatic valvular lesion was found at autopsy, 

Geraghty considers thc disorder to be an acute granulomatous process with reticulo-endothehal 
proliferation, mononuclear infiltration, and necrosis. Involvements of the central nervous system, kid- 
nevs, lymph nodes, gastrointestinal system, and skin are well recognized in the disorder. Involvement 0 
the heart may correspondingly be expected to occur, and usually, he believes, consists of myocardial 
changes which show up on the electrocardiogram as similar 10 those usually associated with various 

acute infections. <• p 


Primary Splenic Granulocytopenia and Lymphopenia. II Livy. Pro c. Roy. Soc. M. }}: W®- 

A case of bcpmosplcnomcg.ly end fa.tof.ni. is presenl.i De.pi.e she rd ”“ d f“,h. 

c,,« in else ciecula.ing Wood. .1* “TS 

h„ also «i* lymphocytopenia. I. .his «™, °i ■ C^-»' « W> 

So svcrc sranulocy.es (normal over 3.00a) an 1 “ telaeioaship her.veen ehe enlarged spleen sad 

spta and had no elfec, on .»= M — «■ 


No splenectomy was . 


S.E. 
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The Bone Changes or Leukemia in Children. B. S. Kalajjian, P. A. Hirhrt, and L. A. Erf. Radiol. 47: 

113-2.33, 1936. 

Tlic authors describe 1 eases of lymphoblastic leukemia in children in which the presenting complaints 
were hone or joint pains. In the first ease migratory polyossalgia was associated with fever, night sweats, 
increased sedimentation rate, and a leukocytosis but with a normal differential count. In the second ease 
polyarthralgia and actual objective joint changes were present, and the blood count showed absolute 
lymphocytosis. In both instances the bone marrow was infiltrated with blast forms, and the diagnosis of 
lymphoblastic leukemia was confirmed at autopsy. 

X-ray examination of the bones in both patients showed changes which were considered diagnostic of 
leukemia. According to the authors, these changes are as follows: (1) patchy destruction of bone; (1) 
expansion of the marrow cavity, with resultant atrophy of the cortex; (3) elevation of the periosteum by 
leukemic infiltration, with formation of new bone in lamellae parallel to the shaft of the bone; and (4) 
demineralization. Pathologically, these changes arc found to he due largely to infiltration of bone 
n arrow, cortex, and periosteum with leukemic tissue. 

These x-ray changes arc not specific for leukemia, and in most cases the diagnosis is made indepen- 
dcntlv of x-ray examinations. The authors suggest, however, that the persistence of bone or joint pain 
in a child, which docs not respond to the usual treatment with salicylates, sulfonamides, and penicillin, 
should call for x-ray examination of all the bones (especially the long bones), and consideration of the 
possibility of leukemia. 

S. E. 

IIa'oI'HII.ic Leukemia. A. E. Cast), T. E. Htttlrs, and E. H. Hidden. South. M. J. ;): 315-331, 1946. 

This paper reports a patient with chronic leukemia in whom the outstanding circulating white blood 
tell was the basophil. The patient's initial complaint was enlargement of the abdomen, which was found 
to be the result of massive splenomegaly. Treatment with x-irradiation resulted in moderate improvement 
and some reduction of the white blood count. Four months before death the white count was 50,400, and 
the blood smear showed adult neutrophils, basophils, and eosinophils, as well as neutrophilic, eosino- 
philic, and basophilic myelocytes. Granulccytcs totaled 91 per cent of the circulating white cells, of 
which only S per cent were basophilic. A few days before death the white count was 16,600; there were 
hf per cent granulocytes of all types; and there were 6 per cent basophilic myelocytes and 66 per cent adult 
1 asophils in the circulating blood. Postmortem examination showed leukemic infiltration, mostly with 
mvelwblasts, of spleen. User, pancreas, bone marrow, lungs, heart, kidneys, and stomach. 

The authors find nine reports in the literature of true leukemia confirmed by autopsy, in which a baso- 
philia of over 25 per cent was noted In most of these cases the data were obtained only terminally. The 
autlmis tonsidcr that basophilic leukemia is not a disease entity unto itself; rather, that the basic disorder 
0 imclogcnous leukemia, and that the basophilia is merely an unexplained terminal event in certain rare 
instances of chronic myelogenous leukemia. 

S. E. 


lv sm si ion Tin MM I nt 01 Locai min M.u.igxvxt Lvmpiiom v. G. V. Helms and Af. D. Schulz- New Eng- 
land ,1 Med a;j 7^9~72-< 1946 

Uevo-dv of 5 ,vj patients with malignant lymphoma were reviewed. Only those patients were considered 
" ho'c lesion was localised and whose treatment was limited to x-ray. Fifteen cases were found whose 
diagnosis was established hv biopsy who were alive and apparently free of the disease five vears later. 
The v a ' »s included, according to the classifications of Gall and Mallory (Am. J. Pathol, it. : 3S1-4L9, 
1-4: . two stem-cell, one clasnutcvvttc, three lymphocytic and one Hodgkin's lymphoma, one Hodg- 
kin S saicotra. and one follicular lymphoma X-ray dosage was from icoo to over xooc r. 

According in Gall and Mallory , about 10 per cent of ly mphomas arc localized at autopsy. Gall (Ann. 

,! ‘ “< ■!• 1 reported a group o! about if patients, if ihe same criteria arc used, who were alive 
aid free ft or-, tb.eir disease after surgi.al e'cision both studies proside valuable data relating to the 
p.ogu.M's <4 !o.a. seed isrrphoma, v ith these diHerent forms of treatment. 


C. A. F. 
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CW By Maxwell M. Wintrobe. Lea & Febiger, Philadelphia, md edition lwS 

This second edit, on of Wintrobe-, book published four years after the first is distinguished fits, of all 
b> being so remarkably up to date that much of the material has not hitherto been published Advances 
of only a month or so ago are noted and duly charted. There are, for example, complete discussions of 
olic acid therapy, the Rh factor and its importance in hemolytic disease of the newborn, the use of the 
nitrogen mustards in Hodgkin's disease and related diseases, the anemia of infection. 

Even more than before, the book is the best single text of hematology in the English language. Its 
only rival, Nacgcli's classic in German, is now outdated. Furthermore, it does not have Nacgcli's dog- 
matism. The discussions ate complete and well annotated with an unusually thorough bibliography, 
making the book highly acceptable, not only to the student but to the clinician and investigator. Cham! 
photomicrographs, and figures have been increased in number and greatly improved in quality over those 
of the first edition. The sections on sickle cell anemia and Mediterranean anemia (‘ thalassemia”) arc 
unusually good. 

One of the few criticisms the reviewer finds with this otherwise remarkable book is in the matter 
of classification. Since anemia is designated as either macrocytic, normocyric, or microcytic, the hemo- 
lytic anemias, for example, are classified under the designation of the "oormocyti c anemias.” As far 
as possible, it would seem more desirable to group the anemias on an etiologic basis. Thus they could be 
classified as (i) due to a deficiency of blood-building materials, (a.) due to a disturbance in the bone mar- 
row, or (3) due to excessive blood loss, whether by hemorrhage or undue hemolysis. Another possible 
criticism is in the use of Rhoad's term "refractory anemia" for those cases of anemia usually with leuko- 
penia and thrombocytopenia, which fail to respond to liver extract, iron, and the vitamins. The brilliant 
results obtained with folic acid in some of these cases, the response to splenectomy in others, would seem 
to indicate that what was "refractory" yesterday may certainly not be so today. The 860 odd pages ate 
crammed with information which is completely sound, up to the minute, and unusually well presented. 
The whole makes a volume which should be a must in every hospital medical library and on the shelves 
of the forward-looking physician. 

El Diagnostic por la Puncifin Estcrnal. By Jeronimo Forteza Bover, M.D. Edicioncs Morata, Madrid, 

19^6. Pp. 317. 90 Pesetas. ... 

This is an excellent monograph on the sternal puncture, its technic, and the results obtained Irom 
study of clinical hematologic material. The book is well written and is illustrated by numerous photo- 
micrographs and colored plates. Of the numerous monographs on this subject, this seems to the reviewer 
on of the soundest. There is a nice intermingling of straight histology with such practical aspens » 
differential diagnosis of the various anemias, leukemias, leukopenias, and throm °' y '°P e ™. 
example of excellent description and sound judgment is the chapter, Sternal Puncture in the Diagnoss 
and Differential Diagnosis of the Hemorrhagic Purpuras. The megakaryocytic cha g P 

thrombocytopenic purpura ate excellently depicted and in keeping with recent ob- ■ s 0* ■ ®o 
i7 , 1946). The differentia, diagnosis of the splenomegalies ; wit .part. 
marrow puncture is systematically discussed. There is an cxce ent 1 1 rccowwcn dcd even to 

references. Since the Spanish text is eminently simple the book can be hearnl, recoin 

English-rcading students. 
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THE ASSOCIATION OF THE GUILLAIN-BARRE SYNDROME 
WITH INFECTIOUS MONONUCLEOSIS 

With a Report of Two Fatal Cases 

By Walter Ricker, Lt. Col., M.C., A.U.S., Alfred Blumberg, Col., 

M.C., A.U.S., Clifford H. Peters, Capt., M. C., A.U.S., and 
Arnold Widerman, Capt., M. C., A.U.S. 

I NFECTIOUS mononucleosis associated with the Guillain-Barre syndrome has 
been reported but once. 1 ' 2 In this case the combination of diseases did not prove 
fatal. The Army Institute of Pathology has in its files the records of 36 fatal cases 
of Guillain-Barre syndrome, the data from 30 of which are being reported by Kerno- 
han and Haymaker, 3 and of 9 fatal cases of infectious mononucleosis which form 
the basis of a study by Custer and Smith. 4 There were 2. instances in which both 
Guillain-Barre syndrome and infectious mononucleosis were encountered. These 
2. cases, the first of their kind to terminate fatally, to judge from published reports, 
form the basis of the present paper. 

report of cases 

The clinical and pathologic observations on these z fatal cases will be detailed 
briefly to show that they exhibited characteristic manifestations of both Guillain- 
Barre syndrome and infectious mononucleosis. 

Case i (A.I.P. Acc. 151166) 

Clinical Data. A ii year old, white male was admitted to the hospital on September 19, 1945, com- 
plaintng chictly of headache and fever. A moderately severe headache had begun 11 days before admis- 
sion, but the patient had remained on duty. Several times during this period he had had chilly 
sensations, aches in his elbow and knee joints, and fever. His past history and family history were 
noncontributory. 

On plnsical examination the patient appeared moderately ill but in no great distress. Temperature 
"as ici f F , pulse 66, and respirations 10. The only other positive finding was a slight enlargement of the 
tv mph nodes m the anterior cervical chain. Examination of the blood showed the following: hemoglobin 
15 5 (im percent, erythrocytes 4.4 million, leukocytes 10,100, with lymphocytes Si per cent, neutrophils 
15 per cent, eosinophils 1 per cent, and monocytes 1 per cent. Many of the lymphocytes were reported as 
atv pica! and their structural characteristics were suggestive of infectious mononucleosis; in view of these 
Ending* a tentative diagnosis of infectious mononucleosis was made. 

Thiitv-'tv hours after the patient's admission, blood smears and a blood specimen for the determi- 
nation of heterophtle antibody reaction were submitted to the commind laboratory. The report rc- 
' to cd after the death of the patient revealed that the blood smears were "so characteristic as to be 
diagnostic of infection* mononucleosis", the hctcrophilc antibody reaction was positive in a dilution of 
1 : i-v.: 

l ion the Atr.tv Institute of Pathologv, Washington 15, D. C. 
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dity became apparent. Spinal and m °d^««uch a l ri e 

cci.s per cu. mm., of which 94 per cent were Whites and ZT"' ", t" ”* “«** J 
Sugar was present in normal amount The orotein conn- t • ^ 1 tymorphonudear Icakocvtet 

in smeets, and cultures remained^'terilc^ ° content " as mcreased. No micro-organisms were foun. 

paralysis of muscle groups of all four extremities X a£ce of tnW JS “ /f ’ 
rertexes. Respiratory' movements were accomplished with difficulty. There was ™ f ^ ? k ' 
abdominal musculature or of the rectal or urinary sphincters. His sensorium remained d«r hough'h! 

became somewhat apprehenstve. The picture was essentially one of an extensive, rapid!,- progressing 
peripheral neuropathy, associated with lymphocytic meningitis. P ‘ P P ‘ 

By the fifth day after admission dysphagia and respiratory paralysis had developed. The patient was 
placed in a respirator. Spinal fluid taken at this time was clear and contained 36 cells, of which uS ter 
cent were lymphocytes and x per cent neutrophils; total protein was $i mg. per ceac. 

Respiratory paralysis became mote marked, and following a sudden clonic convulsion the patient 
died on September 16, seven days after admission to the hospital. 

I’citmortim Obsmathm. The pertinent pathologic changes were limited to the nervous system, 
spleen, and lymph nodes. 

Nmwa Syitm. The brain weighed 1520 Gm. The vessels in the leptotneninges, choroid plexus, 
cerebellum, pons, medulla oblongata, and spinal cord were engorged, and there were diffuse pciechial 
hemorrhages. On cross section of the cord the left anterior horn of the dorsal region appeared pale. The 
central nervous system was otherwise grossly normal. Peripheral nerves beyond the confines of the spina! 
canal were not examined. 

Microscopically, the leptomcninges were congested, showed occasional minute hemorrhages, and in 
the arachnoid there were moderate numbers of mononuclear cells. Occasional small perivascular hemor- 
rhages were encountered in the cerebrum, most prominently in the hippocampal region. In the cerebellum 
the Purkinjc cells were considerably disorted, many nuclei being either indistinct or indiscernible. In 
the left anterior horn of the dorsal cord the motor cells showed peripheral condensation of the Nissl 
substance and nuclear chromatin, and vacuolization of the cytoplasm. Otherwise there were no changes 
in (he spinal cord. In the interfascicular perineurium, particularly related to blood vessels of an anterior 
nerve root, there were accumulations of small round cells, scattered larger mononuclear cells, and a few 

eosinophils (fig. t). , , - , , 

Sphtn. The spleen weighed 760 Gm. and presented a tense capsule. The pulp was scat, the central 
portion being almost diffluent. Microscopically, the capsule was moderately "infiltrated" with large 
mononuclear cells showing folded, indented, or partially lobulated nuclei with fine chromatin. The cyto- 
plasm was usually basophilic and often appeared finely vacuolated. Similar mononuclear cells were 
sprinkled through the trabeculae, and large accumulations of them were present sn the subendothc u 
sLccs of the trabecular veins and within the adventitial meshes ol the trabecular arteries (fig. 5^ The 
splenic follicles were present in the usual numbers and were of normal sue or smaller. The red pulp u 

as free cells throughout the pulp were many of the large, showed thc satin 

The Kv "W emphysematous and s ^.. mnWytes . erV thtocvtes, and lobulated mono 
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Fig. 5. Case 3. Spleen 

Infiltration" of the adventitia of a trabecular artery. Increased cellularitv of the pulp. Hematoxylin 
and cosin stain. X too. Nc g. 9373-4. 

Fig. 6 . Case i. Liver 

"Infiltration" of the portal zone with mononuclear cells, many of the pale-staining, partially Jo 
bulatcd variety. These cells are present also in the subendothelial space of the portal vein. Hematoxylin 
and cosin stain. X 400. Neg. 94610. 

Fig. 7. Case i. Spleen 

"Infiltration" of the adventitia of a small trabecular artery, showing the preponderance of pale- 
staining, atypical mononuclear cells. Similar cells may be seen in the pulp sinusoids, especially to the 
right of the trabecula. Hematoxylin and eosin stain. X 355 - Ne S- 
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lobation of their nuclei (fig. 6). Occasional cells of the same kind were lying free within the sinusoids of 
the lobules. 

The kidneys, microscopically, showed a few of the atypical mononuclears within the stroma. 

The bout marrow was more cellular than usual, but offered no unusal elements. 

The autopsy confirmed the clinical diagnosis of infectious mononucleosis. 

Case 2 (A.I.P. Acc. 163849) 

Clinical Data. On November 18, 1945, a 11 year old white male entered the hospital complaining of 
chilly sensations, headache, weakness, and sore throat. The physical examination was negative except 
for a temperature of ioi° F. The patient was treated symptomatically and returned to duty on December 1. 
On December 16, 1945, he was readmitted to the hospital because soreness of the throat had not sub- 
sided, and he also complained of soreness and weakness in the muscles of the lower extremities. Physical 
examination showed the pharynx to be reddened, and the cervical lymph nodes were palpable. Exami- 
nation of the chest and heart was negative except for a loud, blowing systolic murmur at the apex. 

Neurologic examination revealed practically no intercostal activity in the upper two-thirds of the 
chest and only weak intercostal action in the lower third. The diaphragm appeared to be functioning 
adequately. The patient was able to turn his head from side to side and lift it 1 or 3 inches from the 
pillow. He was able to move his upper extremities freely, but there was definite weakness. The muscles 
of the trunk and lower extremities were paralyzed. All deep reflexes, as well as the abdominal and cre- 
masteric, were absent. There were transient paresthesias of the feet, lower legs, and hands, but no ob- 
jective sensory loss to touch, pinprick, or vibration. He was able to swallow and had no visual disturb- 
ances. 

Examination of the blood showed erythrocytes 4.7 million, hemoglobin 90 per cent, leukocytes 9,900, 
of which 39 per cent were lymphocytes, 56 per cent polymorphonuclear leukocytes, and 5 per cent mono- 
cytes. The urine was normal. A spinal fluid examination on December 16, 1945, revealed the total 
protein to be 74 mg. per cent, sugar 50 mg. per cent, chlorides 6x7 mg. per cent, and there were 8 cells per 
cu. mm. A throat culture was positive for hemolytic streptococcus. No examination for hetcrophile anti- 
bodies was done. 

The patient gradually became dyspncic, and on December 19, 1945, he was placed in a Drinker respi- 
rator. Penicillin therapy of xo.ooo units ever)- three hours was instituted. Death occurred on December 
xo, 1945, four days after admission to the hospital. 

Posmortem Observations. The pertinent pathologic changes were limited to the nervous system, the 
spleen, liver, and lymph nodes. 

Hervous System. The brain weighed ijco Gm. There was congestion of the capillaries of the lepto- 
meninges, brain, and upper spinal cord, particularly in the gray matter of the upper dorsal segments. The 
remainder of the cord was grossly normal. 

Microscopically, the leptomeninges were edematous with a few small accumulations of lymphocytes, 
large mononuclears, and occasional neutrophilic leukocytes. The capillaries and small veins in all sections 
from the central nervous system were engorged. In addition, several small, perivascular hemorrhages were 
noted in the gray matter of the lower cervical cord. The ganglion cells at all levels of the cord as well as 
in the cerebral cortex showed mild changes, such a$ vacuolization, cirlv chromatolysis, decreased affinity 
of the cytoplasm for cosin, and dispersal of nuclear chromatin. Occasional shrunken ganglion cells, 
surrounded by an increased number of oligodcndroglial satellites, were noted in the cortex of the parietal 
lobe. Sections from the spinal nerve roots showed marked congestion and edema of nerve fasiculi (fig. 1). 
Cellular infiltration of the anterior nerve roots was noted at all levels, but was most intense in the cauda 
equina Podian stains revealed marked distortion of the axis cylinders (fig. 3). The myelin sheaths were 
swollen and disrupted (fig. 4). 

Sections of the femoral nerve revealed an infiltrate consisting predominantly of lymphocytes although 
numerous larger mononuclear elements with distorted nuclei were present. These inflammatory cc Is 
were noted particularly about smaller blood vessels. Sections from the facial, acoustic, and phrenc nerves 
showed slight infiltration. The trigeminal nerve appeared rclativelv normal. 

Sy.ten The spleen weighed 673 Gm. The capsule was smooth and glistening. On section the pulp 
was soft, dark red, hyperemic. and bulged Over the capule. The follicles were distinct, the trabecular 
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Fics. S and 9. Case i. Spleen 

"Infiltration” 0/ the subendothelium of a trabecular vein by large numbers of mononuclear cells, the 
large, pale-staining variety predominating. Marked celiularity of the surrounding pulp may be seen with 
similar large cells lying free in the sinusoids, as is particularly evident in figure 9. Hematoxylin and 
eosin stain. Fig. 8, X too, Neg. 94618. Fig. 9, X 500, Neg. 94615. 

Fig. to. Case l. Splenic, Pulp 

Within the meshes of the increased reticulum elements and in the sinusoids are the large, pale mono- 
nuclear cells exhibiting indented, folded, and partially lobulatcd nuclei. A fesv, relatively normal small 
lymphocytes are present. Hematoxylin and cosin stain. X 1360. Neg. 9461a. 

cellular elements of the red pulp. Within the splenic sinusoids large numbers of atypical mononuclear 
elements, like those described ia the preceding case, were encountered (fig. 10). There was moderate 
venous congestion. The splenic corpuscles were essentially normal. The veins and arteries of the tra- 
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bcculac showed marked, submtiroal "infiltrations with large numbers of the mononuclear c.IIs (figs. 

8 and 9), as did also the adventitia of the trabecular arteries (fig. 7). 

liter. The organ weighed 2.100 Gm. and was grossly normal. Microscopically, the hepatic archi 
tccturc was adequately preserved, although mild degenerative changes were observed in a few of the 
parenchymal cells. The predominant change was noted in the portal areas, where a cellular "infiltrate" 
of lymphocytic and mononuclear type was encountered. Several of the larger veins of the portal spaces 
showed subendothelial alterations similar to those seen in the trabecular veins of the spleen. 

Lymph N oils. Lymph nodes throughout the body were considerably enlarged. They were soft, 
moist, pale, and homogeneous. Microscopically, the capsules showed slight to moderate mononuclear 
"infiltration" similar to that in the spleen. The normal architecture was blurred, apparently due to a 
hyperplasia of the cxtrafollicular parenchyma. The peripheral sinusoids were unaltered. Scattered 
throughout the medulla were numerous, atypical mononuclear elements. The germinal follicles were 
largely obliterated, although a few, small, compressed centers remained (figs, ix and iz). 

The lungs were heavy and congested, weighing 1350 Gm. Sections from the lower lobes showed alveoli 
filled with a homogeneous eosinophilic precipitate containing a few mononuclear and polymorphonuclear 
leukocytes. The lower trachea and main bronchi were congested and their mucosa and submucosa densely 
infiltrated with lymphocytes, plasma cells, large mononuclear cells, and neutrophils. 

The heart weighed Z75 Gm. and was grossly normal. Microscopically, an occasional small, perivascular 
accumulation of lymphocytes was seen in the epicardium of the left ventricle. 

The kidneys weighed 315 Gm. and presented moist, dark red, hyperemic parenchyma. Microscopically 
a few small collections of mononuclear cells were noted in the interstitial connective tissue. 

The gastrointestinal tract revealed no gross abnormality. On microscopic examination the mucosa and 
submucosa of the pharynx, esophagus, and small intestine were infiltrated focally and diffusely with 
small and large mononuclear elements. The lymphatic follicles of the ileum as well as other parts of the 
gastrointestinal tract showed changes similar to those described for the lymph nodes. 

Postmortem blood culture produced no growth. Brain and medulla oblongata were inoculated into 
mice and guinea pigs but no virus was isolated. 

Although serologic confirmation of the diagnosis was never accomplished in this case, the histologic 
findings were regarded as diagnostic of infectious mononucleosis. 

DISCUSSION 

Involvement of the nervous system, frequently reported in infectious mononu- 
cleosis, is usually manifested as lymphocytic meningitis, 6-12 encephalomyelitis, 13 
or peripheral neuropathy. 1 However, no previous fatal cases of Guillain-Barre syn- 
drome associated with this disease have been reported. The i case reported by 
Hiller and Fox' tvith the same combination of diseases and subsequent recovery 
concerned an individual who had enlarged cervical, axillary, and inguinal lymph 
nodes with enlarged spleen, followed by paralysis of an ascending nature finally 
involving the facial nerve. The heterophile antibody reaction was positive in a di- 
lution of 1:115. The spinal fluid showed greatly elevated protein but a relatively 
normal cell count. The patient made a progressive and satisfactory recovery. Fur- 
thermore, although visceral lesions in fatal cases of the Guillain-Barre syndrome 
have been reported, 3 ’ 16-ls none of these have been characteristic of infectious mono- 
nucleosis. Sabin and Aring 17 reported 3 fatal cases of Guillain-Barre syndrome in 
which lesions occurring in the adrenals, liver, kidneys, and hearc were described 
as follows : "The lesions in the adrenals consisted in the main of focal degeneration 
and infiltration with mononuclear cells; those in the liver of focal cellular infil- 
tration in the capsule and portal spaces, focal necrosis of cells with cellular infil- 
tration, and of focal fatty degeneration; those in the kidneys of focal intertubular 
infiltration with mononuclear cells, and those in the heart of interstitial infil- 
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Figs, ii and ix. Case x. Lymph Node 

Obliteration of the follicular pattern with increased cellularity of the extrafollicular parenchyma. 
Moderate infiltration of the capsule may be seen. Preservation of sinusoidal pattern is apparent in figure 
ix. Hematoxylin and eosin stain. Fig. «, X 6x, Ncg. 94614. Fig. ix, X 355. Neg. 94611. 

large atypical mononuclear cells (figs. S and 9), and second an “infiltration of the 
adventitia of the trabecular arteries with similar cells (figs. 5 and 7). In the exper- 
ience of Smith and Custer 19 these changes in the spleen are found invariably in in- 
fectious mononucleosis, although they may be simulated by ocher conditions, not- 
ablv the leukemias and scarlet fever. The lymph nodes showed the typica 
histologic pattern 1 ' 20 : infiltration of the capsule, blurnngof the architecture's’) t 
partial obliteration of the lymphatic follicles, and hyperplasia of the extrafollicular 
parenchyma with numerous, large mononuclear cells encountered within the sseli 
preserved sinusoids (figs, n and iz). The hepatic changes were largely con- 
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fined to the portal areas, where a dense “infiltration” of large and small mono- 
nuclear elements was seen. A few of the larger portal veins showed subintimal “in- 
filtration” similar to that in the spleen (fig. 6). Although the three organs were 
most conspicuously the seat of the pathologic changes, small, focal, cellular “infil- 
trations" were observed in the adrenals, pharynx, trachea, lungs, and in the walls 
of the gastrointestinal system. The feature common to all of these lesions, as well 
as to those of the involved nerve tissue, was the large, atypical mononuclear cell, 
the “leukocytoid” lymphocyte of infectious mononucleosis. 

The laboratory examinations of blood smears and serum were diagnostic of in- 
fectious mononucleosis in case i. The lymphocytes were atypical and of the “leuko- 
cytoid” variety characteristic of this disease; the heterophile antibody reaction 
was positive in dilution of 1:1791. In the second case these examinations were not 
performed, probably because of the rapidly fatal, neurologic progression. However, 
the lesions were so characteristic of infectious mononucleosis that there was no 
hesitation in making the positive diagnosis even though these corroborative data 
were lacking. 


SUMMARY 

Infectious mononucleosis in which death was due to associated ascending paral- 
ysis, indistinguishable from that in Guillain-Barre syndrome, was encountered in 
z cases at the Army Institute of Pathology. Study of the data from these cases 
strongly suggests that infectious mononucleosis is one of the many diseases or 
agents which may precipitate or give rise to the Guillain-Barre syndrome. 
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CHRONIC NEUTROPENIA 
Report of a Case Not Cured by Splenectomy 
By Paul G. Hattersley, M.D. 

T HE syndrome of chronic neutropenia has long been recognized. Roberts and 
Kracke 1 in 1931 described the symptom complex of fatigability, weakness, 
nervousness, and a predisposition to intercurrent infections which occurred in a 
large percentage of their patients who had neutropenia. Doan 2 classified the chronic 
neutropenias in three groups: (1) those cases with a persistently low leukocyte 
count, but a normal differential, the ability to respond to intercurrent pyogenic 
infections with a leukocytosis, and with few symptoms; (a) those cases of persist- 
ent leukopenia with a disproportionately low granulocyte count, an inability to 
respond to infection with neutrophilic leukocytosis, and symptoms of weakness 
and fatigability; (3) those cases of cyclic or recurrent granulocytopenia in which 
there is repeated recurrence of extreme neutropenia or agranulocytosis, often with 
severe prostration and mucosal ulceration, alternating with periods of apparent 
good health and normal blood picture. During the 1930’s numerous cases of severe 
chronic and acute neutropenia were reported which fell into one or another of 
these categories, as well as some which could not be classified. In many of these 
cases there was chronic or recurrent exposure to aminopyrine, although the etiologic 
importance of this agent was not always clear. 

In recent years there has been increasing recognition of the importance of the 
spleen in the neutropenias. The occurrence of some degree of neutropenia, with or 
without anemia and thrombocytopenia, has frequently been described in such 
splenomcgalic states as Felty's syndrome, Gaucher’s disease, Hodgkin’s disease, 
and the congestive splenomegalies, and splenectomy has frequently been followed 
by remission of the neutropenia. 3 ' 4 In 1938 Reissmann 5 reported the first case of 
splenic neutropenia associated with splenomegaly for which there was no obvious 
cause. The sternal marrow was cellular, with an apparent arrest of maturation of 
granulocytes at the myelocyte level. The neutropenia was promptly cured by 
splenectomy and the marrow picture returned to normal. The spleen was normal 
on section. The author postulated an abnormal splenic influence which arrested 
granulopoiesis in the marrow. The following year Wiseman and Doan 6 briefly 
reported three cases of “primary splenic neutropenia,” all promptly cured by 
splenectomy. They described hyperplasia of the splenic clasmatocytes with exces- 
sive phagocytosis of granulocytes, and explained the neutropenia on this basis 
rather than on the basis of any direct splenic effect on the marrow. In a subsequent 
more extensive report 7 they pointed out that in some cases there are variable degrees 
of anemia or thrombocytopenia or both accompanying the neutropenia. This they 
ascribed to excessive splenic phagocytosis of erythrocytes and platelets as well as 

From the Department of Medicine, Stanford University School of Medicine, San Francisco is Cali- 
fornia. 
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u\ • ?• h d d f n ° nSCrared a su bstance in extracts of the spleens of patients 
J‘fj hlS fji SC Wh ‘ ch de P ressed the P ]atelet count in rabbits. Dameshelc sug- 
gested, as had Reissmann, that a similar splenic influence on the jnarrovv might ir- 
responsible for the neutropenia in splenomegalic states. 

A total of ix case reports of "primary splenic neutropenia” has reached the 
iterature. # ^ hcrcas in some cases rhere was evidence of excessive splenic 

phagocytosis of granulocytes, 6 in others no such evidence could be found, 
and rhe picture appeared more suggestive of an abnormal splenic influence on the 
mar row . 5 • 1 ■ • 1 8 ■ All of the reported cases, however, were characterized by definite 
splenomegaly, and in all there was a prompt and sustained remission of the neutro- 
penia following splenectomy. 

In view of the emphasis in recent reports on cure of neutropenia by splenectomy, 
it is of interest to report a case of severe neutropenia without splenomegaly which 
was observed for more chan ten years, which failed ro respond to the usual types 
of medical therapy, and which was not cured by splenectomy. 

CASE HISTORY 

Mrs. G. A., a 41. year old bookkeeper, entered Stanford University Hospital on January iS, ijjf, 
complaining of an infected puncture wound oa the hand of two days' duration. 

There was no family history of blood dyscrasias. She had never been very well since childhood, having 
had a Jong series of infecrions of one sort ot another from each of which she had recovered very slowly. 
She had likewise braised very easily, and on several occasions had bled excessively following tooth 
extractions or minor surgical procedures. Ac 13 she had acute rheumatic fcrcr. At 10 a tooth carnets®, 
was followed by a streptococcal infection with several weeks of high fever and severe prostration. In her 
early io's she began to complain of weakness, fatigability, and headaches, and to have periods of pro- 
found collapse. These attacks appeared ro be precipitated by hard work or worry and were accompanied 
by slowly healing ulcers of the mouth. Ac 2.6 an induced abortion was followed by persistent pcln- 
inflammatory disease, from which she was Dever free of symptoms until hysterectomy and bilatera 

salpingectomy ten years later. . „ 

In tors, at the age of 32., her first recorded blood count showed a profound neutropenia ( eu -ay 
5000 per cu. mm, ncutrophiles S per cent) and this observation was repeatedly verified in th ' cns “‘ D£ /^‘ 
years (table 1 and fig. 2). It was discovered at this time that she had for foot years periodically been 
taking moderate amounts of a proprietary headache remedy which contained ammopyrine, as « 

~ and moderate .mono., ol v.rion, baebirmrea. 

Z di, JU and doriog ,h. a.-g „ ream .be avoided .« 

but without remission of her neutropenia. She was likewise £> v “ c protems, md finally 

tide, adenylic acid, crude and refined liver extracts, yellow **■**". w mlectlcas . 

pyridoxine, all without demonstrable effect on neutropenia symp on*, o s P^- ^ jb; ^ 

In 133S a sternal puncture elsewhere yielded marrow wh.ch « t0 rcvcl l the 
suhscquratly studied in another hospital. Physical examination at 
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Date 


7/35 
II /35 
4/36 
10/36 
3/37 
IV 37 
i/ 3 8 
10/38 
5/39 
9/ 39 
4 / 4 ° 
10/40 
4 / 4 i 
10/41 
4 / 4 i 
10/41 
7/43 
3/44 
5/45 
10/45 

1/18/46 

1/19/46 

1/11/46 

1/13/46 
1/14/46 
1/15/46 
1/16/46 
Splc- fMorn 
nee- -(Noon 
tomy [Night 
1/17/46 
1/18/46 

1/19/46 

1/30/46 
1/31/46 
1/ 1/46 
1/ 1/46 

1/ 3/46 

i' 4 46 
i' 5 M6 
1' 6/46 
i' 9'46 
1/10 '46 
1 '1 1 46 
1 11 46 
1 13 46 
1 14 46 
1 15 46 


Table i. — blood Studies before and after Splenectomy: Case G. A. 


Hemoglobin 

Gm. per 100 cc. 

Platelets 
per cu. mm. 

Leukocytes 
per cu. ram. 

Neutrophiles 
per cu. ram. 

14.6 

— 

5000 

400 

— 

— 

4600 

1400 

— 

— 

4600 

1500 

n -9 

— 

4100 

1100 

— 

— 

3000 

100 

— 

— 

3100 

110 

13.8 

— 

3300 

1310 

1 1. 6 

— 

1100 

170 

— 

— 

1800 

150 

M -5 

— 

1500 

100 

— 

— 

3000 

100 

— 

— 

3100 

960 

— 

— 

4100 

800 

— 

— 

3400 

0 

0 

l6. I 

188,000 

1700 

140 

— 

— 

3100 

800 

— 

— 

1600 

1000 

— 

— 

1500 

610 

— 
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Table i. — C oncluded 


Bate 

Hemoglobin 
um. per too cc. 

Platelets 
per cu. mm. 


leukocytes 
per cu. mm. 

NeutropMn 

Z-/Z3/46 

3 / 1/46 
3/46 
4/46 
5 /fl 6 
6/46 
7/46 

8/46 

9/46 

13 -r. 

* 5-5 

13.0 

15.4 

33 . s 

M -7 

* 4-7 

15.0 

5^1,000 

34 ° j°oo 

286. 000 
2*44,000 

175.000 

114.000 

110.000 

100, 000 

3700 

3300 

2.2.00 

3000 

2.800 

1500 

4800 

4000 

3000 

407 

700 

5/0 

710 

730 

650 

800 

5 S° 



Fio. i . Case: G. A. Blood Stodies Before and After Splenectomt 


signs of a mild mitral valvular lesion and a tender mass in her pelvis, apparently inflammatory. Spleen 
and liver were not enlarged, and there was no glandular enlargement. Blood count showed no anemia but 
a leukocj tc count of only 1 loo per cu. mm., with 33 per cent neutrophiles. Sternal marrow was repotted 
to be cellular with failure of maturation of the neutrophiles past the metamyelocyte stage. There was no 
evidence of leukemia. The diagnosis was "toxic hyperplasia” of the marrow, the impression being that 
the chronic salpingitis was responsible for the neutropenia. 

In the following year a large inflammatory mass was removed from the pelvis, along with the uteres, 
both tubes and a short segment of bowel. Postoperative convalescence was complicated by protracted 
wound infection, and except for a transient increase in the leukocyte count immediately following the 
operation, there was no demonstrable improvement in her blood picture. 

During the ensuing six years she had repeated pyogenic infections including furunculosis, paronychia, 
pyelonephritis, saphenous thrombophlebitis, and repeated severe sore throats, as well as traumatic 
hematuria following a fall on her left side. Fatigue, depression, bitemporal headaches, and low back 
ache became progressively worse. She ran a constant low grade fever. At one lime she took small doses 
of sulfadiazine for a urinary tract infection, but this was vety soon discontinued. Throughout this period 
her neutropenia persisted. 

In 1941, at the age of 39, she first entered Stanford University Hospital with an upper respirator; 
infection, bronchitis, and eustachian salpingitis. The only positive physical findings at that time were 
referable to her current infection. There was still no glandular enlargement or hepatomegaly, and the 
spleen was not palpable. Pelvic examination revealed no evidence of pelvic abscess. There was no anemia 
ot thrombocytopenia, but the marked neutropenia persisted (leukocytes 1700 per cu. mm., neutrop 1 - 
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9 per cent). She improved on symptomatic therapy and was discharged without further investigation of 
her neutropenia. 

On January 16, 1946, she broke the skin of her right palm with a rusty nail; before entry into Stanford 
University Hospital 48 hours later, the site had become red and swollen, and she had developed chills 
and malaise. Physical examination at that time revealed a well nourished but apprehensive middle-aged 
woman. Rectal temperature was 38.5° C. There were numerous ecchymoses scattered over the extremities 
and buttocks, but no petechiae. The eyes appeared normal. The gums were firm, without bleeding, and 
there were no mucosal ulcers. Ears, nose, and throat were negative. The lungs were clear. The heart 
appeared slightly enlarged to the left, was regular at a rate of 100 per minute, and a rather snapping 
first sound was followed by a grade 3 blowing systolic murmur, best heard at the apex. Diastole was 
clear. The liver and spleen could not be felc and there was no abdominal tenderness. There was a red, 
swollen puncture wound of the palm of the right hand, with red streaks of lymphangitis on the dorsum 
of the hand and up the arm, and motion of the fingers was painful. Small tender lymph nodes were pal- 
pable in the right epitrochlear and axillary regions, but there was no other adenopathy. 

On entry the neutropenia had become more marked, with relative increase of monocytes and eosino- 
philes, but no primitive leukocytes were found (leukocytes 1500 per cu. mm.; neutrophiles 8 per cent, of 
which 5 per cent were banded forms; eosinophiles 11 per cent; basophiles 1 per cent; lymphocytes 51 per 
cent; monocytes iS per cent). There was no anemia, but moderate macrocytosis of the erythrocytes 
(erythrocytes 3.93 million per cu. mm., hemoglobin 81 per cent Sahli or 13.9 Gm. per too cc., hematocrit 
42. per cent, M.C.V. 106.9 cu. micra, M.C.H. 31.6 micro-micrograms, M.C.H.C. 33. 2. per cent). Red cell 
fragility was normal. Icterus index was 3, reticulocytes 2.0 per cent. Platelets were somewhat reduced 
in number (141,000 per cu. mm.) and a few were large atypical forms. Bleeding time was at the uppet 
limit of normal (5 minutes by Duke method), but coagulation time was normal (8 minutes by Lee-White 
method) and clot retraction was fair. The tourniquet test produced a heavy sprinkling of petechiae. The 
routine urine and stool examinations were normal, and the Wassermann and Hinton reactions were 
negative. 

Sternal marrow obtained by puncture was extremely cellular, with granulocytes predominating. 
Myelocytes were considerably increased in number, and there were numerous metamyelocytes and banded 
neutrophiles. No fully mature, segmented neutrophiles were found on prolonged search, however, and 
some of the metamyelocytes and banded neutrophiles showed signs of degeneration, with pyknotic 
nuclei and vacuolated cytoplasm. The megakaryocytes were greatly increased in number, with defective 
granulation of the cytoplasm and minimal production of platelets at the periphery of the cells. Pro- 
mcgakaryocytcs were plentiful and many could be seen to be pinching off bits of their cytoplasm to 
form atypical, granule-free platelets. There was no infiltration with leukemic or tumor cells and erythro- 
blastic cells appeared normal. 

The infection of her hand cleared satisfactorily in a week with penicillin, 30,000 units intramuscularly 
every 3 hours. Extreme prostration persisted, however, and the neutrophiles almost disappeared from 
the blood (leukocytes 1750 per cu. mm., neutrophiles 2 per cent). As the neutropenia had repeatedly 
failed to respond to medical treatment and constituted a serious menace to her future health, splenectomy 
was finally decided upon. On January 26, 1946, the spleen and a small piece of liver were removed by 
Dr. John Menkc. The spleen weighed only 150 grams, and no accessor)- spleens were found. Grossly it 
appeared normal; microscopically, although there was slight hyperplasia of the endothelial cells lining 
the sinusoids, no excessive phagocytosis of any cellular elements could be demonstrated in smears or 
sections. The liver tissue proved to be entirely normal. 

Within 1$ hours after operation, the white count had risen appreciably, and within 2} hours it ap- 
peared that a remission of both neutropenia and thrombocytopenia might be in progress (leukocytes 
4700 per cu. mm., neutrophiles 35 per cent, platelets 180,000 per cu. mm.). A second sternal puncture, 
just 1$ hours after clamping the splenic pedicle, showed a remarkable change in the megakaryocytes, with 
‘ increased granularity of their cytoplasm, and evidence that normal platelets were being split off at their 
peripher) . There was no change in the granulocytes, however, mature segmented neutrophiles remaining 
entirely absent in the smears. The marrow picture was subsequently reflected in the peripheral blood, 
the platelets continuing to climb to a high of over a million on the sixth postoperative day, while the 
neutropenia reappeared within a few hours, and persisted. A third sternal puncture on the "fourth post- 
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feeling wale and tired, bur considerable better chan on entrv Hr W “«-A pstopesms ix r , 

£ ^ *r°- «* ^ persisted ?ST f"^ 

likewise gradually /el] ro below pteoperarire levels, and a moderate bruising vOm^c^X*" 

DISCUSSION 

This case illustrates well the syndrome of severe chronicneutropenia. There was 
fatigue, listlessness, and weakness which at times amounted to profound prostra- 
tion. Backaches and headaches were prominent, and there was the emotional 
instability which has often been described in these cases. There was sustained 
leukopenia with disproportionate decrease of the neutrophilic cells. There was a 
marked predisposition to pyogenic infections, and such infections accentuated 
rather than alleviated the neutropenia. There was a cellular marrow, with an 
abundance of myelocytes but a paucity of mature neutrophiles. In addition there 
was a defect of platelet formation with asymptomatic thrombocytopenia. 

The usual causes of neutropenia appeared ro have been eliminated in this case. 
Repeated negative physical and laboratory examination in the past few years, 
since surgical treatment of the chronic pelvic inflammatory disease, had failed to 
indicate the presence of chronic infection. Leukemia was very unlikely in view 
of the ten year course without anemia, the absence of primitive cells in the periph- 
eral blood, and the lack of bone marrow infiltration. Aplastic anemia similarly 
was ruled out by the lack of anemia, and the ordinary' splenic syndromes by the 
persistent lack of splenomegaly and of other characteristic signs and symptoms. Ir 
is true, there had been exposure to potentially toxic drugs. Aminopyrme was 
taken for about four years, and itwas at the end of this period that neutropenia was 
discovered. Symptoms apparently had occurred many years before exposure to the 
drug began, however, and its withdrawal did not effect a cure. Withdrawal of 
barbiturates and empirin likewise caused no change in the leukocyte level, and 
the only exposure to sulfonamides was for a brief period, and in very small doses. 
Since there is no convincing evidence that sensitivity to any of these agents can 
cause neutropenia which persists for years after they are withdrawn, it seems 

unlikely that the disease was due to drug therapy. 

Despite the persistent lack of splenomegaly, certain features of this case indicate, 
that the neutropenia might be due to some sort of splenic dysfunction. The delect 
of maturation of granulocytes in the marrow closely resent c 
scribed byReissmann, 5 Nordenson and Roden, 1 ' and Rogers and Ha 
of splenic neutropenia. The changes observed in the megakaryocytes rather dmJy 
resembled those described by Dameshek- aud others .« educed £ 
purpura. Both pic.ures have been seen.o revere ,o norma 
To be sure, in all the reported eases of aptotic ueu.ropema there has b^ 

megaty; hue it is well I™'™ " s “ S ' n KTjuOTcAere is some degree 
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might cause severe neutropenia such as in this case, without enlargement of the 
spleen. 

The disappointing postoperative course has proven these early expectations to 
be erroneous. There was no remission of the neutropenia, and while there was a 
remarkable immediate proliferation of platelets by the megakaryocytes, the 
thrombocytosis was of short duration. It now appears evident that the spleen 
was not responsible for the neutropenia in this case, and that the primary defect, 
perhaps in the marrow, perhaps in some other organ which influences the marrow, 
has not been influenced by splenectomy. What the basis for this defect of matura- 
tion may have been remains undetermined. 

It is evident, then, that not all cases of idiopathic neutropenia with cellular 
marrow are benefited by splenectomy. Two siblings with a similar severe neutro- 
penia, and without splenomegaly, have in recent years been observed in this clinic, 
and will eventually be reported in detail. The marrow of one was examined, and 
showed a failure of maturation of the neutrophiles very similar to that in the 
present case. This child failed to benefit from medical therapy, or from splenectomy, 
and has since died of an intercurrent infection. In such cases there is presumably an 
inborn fault in the hematopoietic system, unrelated to exogenous toxins or to the 
influence of the spleen. The long history of symptoms in the present case suggests 
that it may be one of this group. Since these cases were not benefited by 
splenectomy, it would appear that in the absence of splenomegaly one should 
hesitate to treat neutropenia operatively. 

SUMMARY 

A case of severe chronic neutropenia without splenomegaly is reported. The 
disorder was characterized by chronic fatigue and many pyogenic infections, and 
by a' persistently low neutrophile count. The marrow was cellular, with a defect 
in maturation in both granulocytic and megakaryocytic series. There was no 
improvement on the usual types of medical therapy, and splenectomy, while it was 
followed by transient thrombocytosis, likewise failed to induce a remission. 

It is suggested that in the consideration of therapy for severe neutropenia, a lack 
of splenomegaly should be considered a contraindication to splenectomy. 
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STUDIES ON THE PHYSIOLOGY OF THE WHITE BLOOD CELL 

The Glycogen Content of Leukocytes in Leukemia and Polycythemia* 

By Richard Wagner, M.D. 

I N A previous paper 1 a procedure has been described for determining glycogen in 
whole blood and isolated white blood cells. By this method, the average of the 
glycogen content of normal human blood is 5.5 mg. per cent. The average of the 
glycogen content per million normal total white blood cells is 1.54 7. Plasma, red 
blood cells, and blood platelets do not contain any measurable amounts of this 
carbohydrate. 

In the present investigation this method has been applied to the study of the 
glycogen content of whole blood and white blood cells in cases of leukemia' and 
polycythemia. Cases of leukemia with only one predominant cell form are particu- 
larly suitable for studying the biology of the white blood cells as far as their 
glycogen metabolism is concerned. Polycythemia was included in this study 
because of its possible relation to leukemia and the large amounts of glycogen 
detected in whole blood as well as in isolated leukocytes in this disease. Some ex- 
periments dealing with the glycogen content of rabbit leukocytes are also included 
in this study. 

technic 

The glycogen determinations in whole blood are carried out on 1 cc. samples according to a micro 
modification of the Pflugcr 3 method. The material for the glycogen determinations in white blood cells 
is collected in a Cushman 3 tube, analytically weighed, and its glycogen content determined according 
to the same method as that of whole blood. For the quantitative evaluation of the results a white blood 
cell count is done on the cell layer, using a white blood cell pipet, and the volume of its first subdivision 
is determined by calibration with mercury. The dilution for the cell count is 1 to 100. Both the weight of 
the total white blood cell layer and the weight of its amount in the blood pipet are determined. | The 
amount of glycogen per million wet white blood cells is then calculated according to the following 
formula: 

A X B 

Glycogen per million white blood cells = 

* C X D X E 

A — Glycogen found in the white blood cell layer Qy). 

B — Weight of the white blood cell layer used for the cell count Qy). 

C — Volume of the first subdivision of the blood pipet (cmm.). 

D — Number of white blood cells in the layer (millions per cmm.). 

E — Weight of the white blood cell layer (7). 

RESULTS 

White blood cell layers collected in the described manner cannot be considered as 
homogeneous. They consist of myeloid and lymphoid cells. There is some difficulty 

From the Boston Floating Hospital and The Department of Pediatrics, Tufts College Medical School, 
inis study was aided by a grant from Mead Johnson and Company, Evansville, Indiana. 
fTlns rather complicated procedure is the least time-consuming method for dealing with living white 
blooj cells Without losing some of the glycogen as a result of the intense enzymatic activity of the 
leukocytes. 
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in evaluating the glycogen content of a white blood cell layer as long ss the™, 
of its separate constituents is unknown. In this respect studt“ oStaS 
one predominant ceil type are helpful. ^ k th 
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* The figures in parcnrhcscs indicate band forms. 

■f The figures in this column are calculated on the assumption that the nitrogen content anil 
water content in human leukocytes are the same as in those of rabbits (cf. experiment 19S). The 
figures are calculated by dividing the glycogen content per million W. B. C. by 8.2. 

} Diagnosis "chronic myelogenous leukemia" confirmed by bone marrow puncture. 
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Intern*. Tables a, and J contain the cy rental da a onas^ ^ ^ 
types of leukemia. The graphic picture (fig. 1) re . { g ] } . C ogen and 
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reducing substances”* respectively in mg. per cent for this erant, Tk • 
tically no increase of -'reducing substances" in chronic lymphatic 
increasing number of white blood cells per cmm. In spite of a count om"’' 

' , C K1 P ™ n - ? C “ reducin g substances" are about on the same level afi! 
normal blood. On the other hand, in chronic myelogenous leukemia the!e s “ 
considerable increase in almost linear proportionality with the number of cells 
The highest value ever observed was found in a case of chronic xnwW-nor 
leukemia wirh 5*000 W. B. C. per cmm. and 43 pet cent myelocytes 
149). In 5 cases of acute leukemia, myeloblastic as well as lymphoblastic the 

reducing substances” are again low, in experiments 92. and 191 almost net! hit!:". 
Only in experiment 188 is the obtained value higher than that in the other acute 
cases. However, this is the only case of this group where the percentage of more 

mature elements is relatively higher than in the other 4 cases. 

From figure 1 the conclusion is reached that it is evidently the total number of 
granulated leukocytes which determines the polysaccharid content of whole blood. 
Since in previous studies 1 the blood plasma, the red blood cells and blood platelets 
were found to be free from glycogen, it was to be expected that glycogen determina- 
tions on isolated leukocytes might help to explain the differences of the glycogen 
content of whole blood in the different types of leukemia. In tables i, 1, and 3 the 
concentration of glycogen and "reducing substances” respectively per million 
W. B. C. is recorded. 

In all cases of chronic lymphatic leukemia the content of "reducing substances” 
per million W. B. C. is below 1 7 (average 0.32. 7). In experiment 175 the lowest 
value of all observations on white blood cells was found. In all instances of blast 
cell leukemia the value per million W. B. C. is likewise below 1 7 (average 0.19 7), 
approximately within the same range as in lymphatic leukemia. In all cases of 
chronic myelogenous leukemia the glycogen content is above 1 7 (average 3.11 7I>' 
experiment iSx excluded). 

The conditions under which experiment iSi was carried out may explain th: strikingly high 
of 45.5 7. The analysis in whole blood as well as in W. B. C. was done immediately after x-ray mate— 
The number of IV. B. C. dropped from 374,000 to 3450 cells per cmm. The whole blood glycogen do- 
mination was carried out on blood collected from the hematocrit tube after the cells had been resuspa— ■ 
Some of the glycogen might have been destroyed by this manipulation. The high glycogen coateetpt 
million V. B. C. may be interpreted as evidence of the capacity of white blood cells to phigoOTit. 
glycogen freed from leukocytes following x-ray treatment. 

i. Glycogen Content of Granulated White Blood Cells in the Babbit (Weight 
In all of the preceding experiments only the glycogen content per mi ion . • • ■ 
was determined. Since the weight of the individual white blood cell is not _ * 

it is not possible to come to a conclusion as to the weight percentage 0 g , 

*The term "reducing substances” refers to the reducing substances in th- iwdro . 
precipitates which ate not considered as wholly composed lCis:bls been gaStL 

P Plasma cell leukemia is nor included in this instigation beta strikin| lr high b & 

However, the concentration of "reducing substances per million B . B. C. was s *. 

ltlSt f Assuming fo per cent granulated leukocytes in normal blood, the average of the given,- * 
per million normal granulated W. B. C. is 4.13 r- 
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in white blood cells. This would be of interest for comparison with the glycogen 
content of other tissues, such as liver or muscle. However, this problem can be 
approached by two kinds of experiments: (a) Granulated W. B. C. of uniform 
character can be collected from sterile exudates experimentally produced in animals. 
Glycogen and total nitrogen can be easily determined in the same suspension of 
leukocytes, since there is no disturbing admixture of platelets present. This pro- 
cedure is superior to the study of pus cells, since in pus cells the enzymatic activity 
and its destructive influence on the glycogen content are uncontrollable. Pus cells 
and living W. B. C. are biologically different as to their glycogen metabolism, 
(b) Another way of proceeding is to collect white blood cells from normal indi- 
viduals by the regular procedure in the Cushman tube. One portion of the cells can 
be analyzed for glycogen without further separation from the remainder of plasma 
and blood platelets. In another portion, which has to be entirely purified from 
blood platelets and plasma, the total nitrogen is determined. However, the latter 


Table 4. — Glycogen Content of Whole Blood and White Blood Cells in Polycythemia 


Expcr. 

Number 

W.B.C. 

per cmm. 

Poly- 
morpho- 
nuclear 
\\\ B. C. 

Glycogen in 
Whole Blood 

Glycogen per 
Million W. B. C. 

Glycogen per 
Million Polymor- 
polynuclear 

W. B. C. 

Glycogen in Wet 
Granulated W. B. C. 
r Glycogen per Millionn 

L 8.2 J 

Determined 

Determined 

Calculated 

Calculated 



% 

mg. per cent 

7 

7 

% 

141 

16,600 

81 

zz.4 

5-6i 

6.94 

0.85 

165 

18,000 

85 ( 9 ) 

33-4 

1.62- 

t-94 

0/Z.4 

.83 

18,850 

74 

M-3 

6.10 

8.2.4 

1. 00 

189 

9,50° 

58 

14.3 

7-8 

13.40 

1.64 


method offers certain technical difficulties, first of all the necessity of purifying 
procedures which are indispensable for a correct determination of nitrogen. There- 
fore the first procedure was chosen with the following results. 

Experiment N o. tgS. The procedure of collecting white blood cells followed the technic of De Haan.' 1 A 
rabbit (not fasting) was injected intraperitoneally with 300 cc. of a physiological saline solution. 
Twenty-four hours later another 150 cc. were injected; after 1.5 hours the fluid was withdrawn. It repre- 
sented a homogenous suspension of granulated leukocytes, and this was verified microscopically. In order 
to prevent clotting the white blood cell suspension was immediately mixed with 0.6 per cent sodium 
citrate in physiological saline solution. The suspension was then centrifuged on the angle centrifuge at 
high speed, the cells resuspended in the sodium citrate-sodium chloride solution and made up with it 
to 5 cc. in a volumetric flask. The suspension contained 3050 cells per cmm. 

In 3 cc. of the white blood cell suspension (9,150,000 W. B. C.) 9Z.5 7 glycogen 
and in 1 . 5 cc. (4,575 ,000 W. B . C.) izo 7 ni trogen were found ; this is 10. 1 7 glycogen 
and z6.z 7 nitrogen or 1 64 7 protein per million W. B. C. Assuming a water content 
of So per cent, granulated leukocytes of rabbits contain 1.Z3 per cent glycogen.. 

3. Influence of Intravenous Administration of Glycogen on the Glycogen Content of 
Granulated]! hire Blood Cells in the Rabbit. Experiment 196: After intravenous injection 
of 3 grams of glycogen "Pfanstiehl" C.P. (15 cc. of a zo per cent solution) in a 
rabbit, following the technic of Morris, 5 the glycogen content of the isolated 
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white ceils increased from 1.36 r per million (0.17 per cent) in fasti™ ■ 
befo« the rnjeceion » 7 . 9 „ pee miilion (o. s 6 pee cen'r) J0 LjSggg 

4. Glycogen Content of Whole Blood and Isolated White Blood Cells (per MiltieA u 
Polycythemia. In table 4 the experimental material on 4 patients with polvcv hrnii 
is shown The glycogen content of the whole blood not only exceeds th™ 
standards by a considerable amount, but the glycogen contentper million W. B C 
is extremely high in 3 of the cases examined, compared with that of normal indi- 

scorase disease was a higher slycogea concent ^ r 


DISCUSSION 


There is a wide divergence of opinion as to whether or not all of the reducing 
substances in the alcohol precipitates of blood following acid hydrolysis originate 
from glycogen. It was shown that the white blood cell is the main carrier of 
reducing substances of polysaccharid character in whole blood. 1 The studies on 
leukemic blood give a more precise answer as to which type of white blood cell 
group contains substances with the properties of glycogen. From the following 
facts it is evident that at least part of the polysaccharids present in blood and its 
constituents is glycogen. 

1 . The general chemical properties of these carbohydrates are the same as those 
of liver or muscle glycogen. They are precipitable by alcohol and can be hydrolyzed 
with acids. The breakdown product is fermentable by yeast. They can be extracted 
with water and determined in the aqueous solution with sufficient exactness if 
present in large enough amounts, as for instance in chronic myelogenous leukemia. 

2. Bridge and Holt 6 identified the polysaccharid isolated from blood in glycogen 
storage disease as glycogen by its chemical properties, comparing it with a control 
glycogen which had been reprecipitated from rabbit liver. The small variations 
from the control were quantitative and not qualitative. 

Further proof for the glycogen character of the polysaccharid in blood is its 
enzymatic breakdown in isolated white blood cells. It shows the same rate of 
disappearance known ro occur in other organs with active glycogen metabolism 
such as the liver. 1 

In a recent study Verheughr expressed the opinion that in blood of normal men 
no glycogen is present, at least not in quantities that can be measured b> “S cr * 
method. Our present studies leave no doubt that the polysacchari oun m gran 
lated white blood cells is true glycogen. The linear increase of reducing s ■ 
stances" in whole blood of chronic myelogenous leukemia with wcre f D f“ ' 

of white blood cells may be considered as satisfactory evidence for th - 
presence of glyeojen in rhe granted le.koey.es. The lack of 
lymphatic leukemia on the other hand rules out the presen ^ ^ 

amount of this carbohydrate in the lymphocytes. The same _ ^ consis!cfl t 
cells. The studies on isolated white blood cells of one uni j n )St 

with the above assumption. The "reducing substances found m b^ryltt 

cells are not glycogen. 
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The exclusive presence of glycogen in the granulated white blood cell explains 
certain technical peculiarities of the determinations in blood and its constituents. 
The results of duplicate determinations in normal whole blood often show con- 
siderable discrepancies, while determinations in isolated leukocytes show good 
agreement. There are reducing substances in whole blood which interfere with the 
exact determination of glycogen. It was shown in previous studies 1 that the ribo- 
nucleic acid content of blood platelets explains at least a large part of the reduction 
obtained after acid hydrolysis of the alcohol precipitates of whole blood. All 
determinations of whole blood glycogen without yeast fermentation resulted in 
erroneously high values. In the white blood cell the glycogen is concentrated and 
the interference of other reducing substances is negligible. 

From these investigations on leukemia can be drawn important conclusions as 
to the physiology of the white blood cells. It is interesting that during the develop- 
ment of the granulated polymorphonuclear leukocyte glycogen appears in con- 
siderable amounts as a cell constituent in the myelocytic phase, while the blast 
forms arc still free from glycogen. It might be concluded that the content of a 
reserve carbohydrate in the granulated white blood cell increases with increasing 
maturity.* The amount is probably determined by the increasing phagocytic and 
ameboid activity of the maturing cell. The lymphocytes, on the other hand, repre- 
senting a biologically different cell type with a different function, are free of 
glycogen. 

In the experiment on the peritoneal exudate of rabbits (experiment 198) it could 
be shown that the glycogen content of the granulated white blood cells is in the 
same order of magnitude as that of the striated muscle. With regard to its phys- 
iological peculiarities, the tissue of the granulated white blood cells has at least 
one function in common with the striated muscle — that is, the motor activity. As 
in the case of the muscle there can likewise be demonstrated a wide range of the 
glycogen content for the granulated white blood cell. 

In human muscle, for instance, the average glycogen content amounts to 0.4 per cent (Moscati 8 ). In 
the muscles of dog a maximum of 3.71 per cent was determined (SchondorlP). Exercise and intake of 
food exert great influence upon the glycogen content of the musculature. In fasting animals it is o.i to 
0.4 per cent, after intake of food 0.7 to 1.0 per cent (Bohm 10 ). 

For comparison an attempt was made at computing the weight percentage of 
glycogen in human wet white blood cells from the glycogen content per million, 
assuming the same nitrogen and water content in the human cells as in those of 
rabbits (cf. last column of tables 1 and 4). Excluding experiment 182., in 7 
instances the glycogen content was found to be between 0.42. and 0.67 per cent. 
In the other 5 instances it was below this value. It may be significant that in the 
cases with the highest W. D. C. counts the lowest glycogen contents were 
encountered. 

* The appearance of myelocytes in the peripheral blood seems to be of decisive influence on the glycogen 
content of whole blood (cf. experiments 149 and 176). The highest glycogen value was observed in 
experiment 149 in the presence of 148,000 myelocytes in contrast to the relatively low value in experiment 
176 "ith only 11.S90 myelocytes. The figures for the mature polymorphonuclear leukocytes (91,600 and 
74.ico) arc very close in the two experiments. 
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While the glycogen content of leukocytes collected from patients with cU • 
myelogenous leukemia was found to be within the same order of niagnitudca^thn 
f normal individuals, some variation of this value could be demonstrated un ! 
experimental conditions as well as in disease. The increase after intravenous ini" 
non of glycogen in the rabbit is evidently the result of phagocytosis and stone- 
(experiment 196) Another example of phagocytosis was previously mentioned 
experiment i8x (table 1) an extremely high glycogen concentration ofay, y ... 
million W. B. C. was encountered following x-ray treatment. In glycogen storar 
disease we found up to 15 y per million granulated cells (3.05 per cent). Bridge 
and Holt 6 calculated for leukocytes in glycogen storage disease a glycogen con- 
centration of from 6 to 10 per cent. 


More difficult to interpret are the high glycogen values of leukocytes which wt 
found in polycythemia. They cannot simply be explained by phagocytosis and 
storage. Other factors may come into play. In view of the intensive enzymatic 
breakdown of glycogen in leukocytes 1 it is probable that an active synthesis of 
this carbohydrate likewise takes place within the white blood cell. Willstattcr 
and Rhodewald's 11 experiments oa the enzymes of leukocytes may be considered as 
evidence of such a synthesis. They deny the occurrence of direct glycolysis of 
glucose in blood and explain the disappearance of blood sugar as the result of 
glycogen synthesis and glycogenolysis. The granulated leukocyte is equipped with 
the specific capaci ty of storing energy in the form of glycogen. It is easy to conceive 
of glycogen as a reserve carbohydrate, being present in blood in the granulated 
leukocytes, while its breakdown product glucose must be readily available and 
can promptly be transported to the tissues of the body wherever there is so roc 
immediate need for it. In this way a new function is attributed ro the granulated 
leukocyte in the system of tissues serving the carbohydrate metabolism. 

The study of the glycogen concentration in isolated living leukocytes may haw 
further implications as to the physiology and pathology of this cell group and 
their enzymatic activity. In leukemia it is easy to collect large amounts of material 
of one uniform cell type. Ocher cell constituents, such as lactic acid, can be likewise 
studied by using the same procedure of isolation and quantitative evaluation. 
Particularly glycolysis ought to be investigated on isolated leukocytes of leu rmic 


blood. 


SUMMARY AND CONCLUSIONS 

The technic of determining glycogen in isolated white Wood cdls was appb j 
to the study of the different types of leukemia and of fcmm, mordc .0 

obtain information on the physiology of the white Mood cell. From ^ 
is concluded that the granulated leukocyte is the on ‘>. C ^ 
blood. The "reducing substances" in lymphocytes and blast cells 

as true glycogen. , ,, . . ra bbic amounts to about 

The glycogen content of wet white blood cell ^ wa$ ca | C uiated- 

1 pet cent. In the human being a range of from 0.17 ’too. 7 F ^ afiJ ; a 

In disease higher percentages occur, m polycythemia P 
glycogen storage disease up to 3.05 per cent. 
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The glycogen concentration of normal white blood cells is within the same range 
as that of the striated muscle. 

I acknowledge with gratitude my indebtedness to Dr. William Dameshck for giving me the oppor- 
tunity of analyzing the blood of some of the patients studied. Miss M. H. Campbell, Miss H. A. Clark, 
and Miss L. M. Garofalo have aided in carrying out many of the blood counts. 
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OBSERVATIONS ON THE ANEMIA IN DUCKS INFECTED 
WITH P. LOPHURAE* 

By R. H. Rigdon, M.D. and H. H. Rostorfer, Ph.D 

studies of many investigators have emphasized the significance of th- 
mia in malaria. ~ i The degree of anemia in the duck infected with P. hthr- 
is proportional to the number of parasites in the peripheral blood. In most cases of 
F. lophurae infection in ducks a marked drop in the total number of red cells occurs 
as the peak of parasitemia is approached; the number of red cells and the level o f 
hemoglobin return to normal within 3 to 5 days following the peak of infection.' 
Hill 5 concluded from her studies on pigeons infected with P. relictm that death 
results from the anemia. Rigdon and Varnadoe 6 have recently shown that life may 
be prolonged in ducks infected with P. lophurae by the frequent injection of normal 
duck blood. 

Apparently few observations have been made on the erythrocytes in the duck and 
the changes they may show in a severe anemia. Hewitt has contributed mm 
hematological observations on both the normal and malarial infected ducks. 
He has emphasized the occurrence of an anemia and the fall in hemoglobin in P. 
lophurac infected birds. Hewitt has called attention to the varying degrees of poly- 
chromemia in the red cells; the fact that the nuclei are larger than those of mature 
red cells; and also, that they may be round rather than elliptical. Binucleated red 
cells, anucleated forms, and deeply basophilic erythroblasts may be found in tie 
peripheral blood during severe infections. 

Taliaferro and Kluver 3 have reviewed the subject and supplemented our knowl- 
edge of the hematology of malaria in Panamanian monkeys. They emphasized the 
occurrence of anemia and a decrease in the amount of hemoglobin. Normobhsts 
and anisocytosis were found in the peripheral blood during malarial infections in 
monkeys. 

The physiological scudies made in this laboratory on the oxygen-carry mg 
capacity of the blood in experimental malaria and the effect of high altitudes on 
the course of P. lophurae infection in ducks have caused us to study further t t 
changes which may occur in the duck’s erythrocytes in malaria . *~ 10 



METHODS AND MATERIAIS 

White Pekin ducks, z to 4 weeks of age, infected with P. lopbterae were usc ^ 
this study. Blood for smears was obtained by puncturing a vein m thclc& . > 

were stained with a combination of Giemsa’s and Wnght s smos. ^ ^ 
was determined by counting the number of parasitized cells pc 5 db- 

number of both the young and adult red cells also was determine pc 5 

'From the Department of Pathology and the Department of Physiology and Pharmacology, tow 
Research paper no. 600 Journal Series, University of Arkansas. 
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The erythroblast was differentiated from the erythrocytes in this study by 
the bluish staining of the cytoplasm and by the spherical shape of the nucleus and 
cell body in comparison to the more elliptical shape of the mature red cells. 

The same blood smears used for determining the degree of parasitemia were used 
to measure the size of the different red cells. Twenty-five to ioo cells were measured 
each day during the infection to establish their average size. Measurements were 
made with an ocular micrometer. The maximum and minimum lengths of both the 
cell and the nucleus were recorded. Standard technics were used for counting the 
erythrocytes. Hayem’s fluid was used for the diluent. 

Blood for the determination of hemoglobin, hematocrit, color index, and cell 
volume was obtained by cardiac puncture from two to three birds and pooled. 
Liquaemin* in a dilution of one to nine was used as the anticoagulant. The func- 
tional hemoglobin was calculated from the oxygen capacity, which was determined 
by equilibrating the blood with air at 38° C. and analyzing it on the Van Slyke 
manometric apparatus. The percentage of functional hemoglobin was obtained by 
allowing the colorimetric hemoglobin to represent 100 per cent and considering the 
hemoglobin determined from the oxygen capacity as a percentage of the colori- 
metric hemoglobin. The latter was determined by the method of Schultze and El- 
vehjem. 11 The color index was calculated by dividing the hemoglobin in grams ob- 
tained from the oxygen capacity, by the erythrocyte count. The hematocrit was 
obtained by centrifuging 10 cubic centimeters of blood at 3000 r.p.m. The cell 
volume was obtained by dividing the volume of cells in 10 cubic centimeters of 
blood by the erythrocyte count. Smears were prepared from the femur bone mar- 
row, the spleen, and the liver from malarial infected and control birds. A small 
portion of the tissue was placed in a drop of duck plasma on a glass slide and care- 
fully teased out. Smears were made from this preparation and were stained similarly 
to the blood. 


EXPERIMENTAL 

The degree of parasitemia and the severity of the accompanying anemia varied 
with the age of the duck and the number of parasites injected. The course of a 
typical malarial infection in a fatal case is shotvn in figure 1. The degree of the 
anemia usually is proportional to the parasitemia. Accompanying this anemia there 
is a progressive increase in the number of erythroblasts in the peripheral blood. 
In these ducks the peak of the parasitemia is reached on the fifth day and then the 
number of parasites rapidly decreases until only a few are present on the eighth day 
(fig. z). The most severe anemia is present approximately' Z4 hours following the 
peak of the parasitemia. In the ducks that survive the total number of red cells 
rapidly increases and reaches approximately normal levels by the tenth day follow- 
ing inoculation. The level of hemoglobin, the color index, and the hematocrit all 
decrease at a parallel rate with the decrease in the total number of erythrocytes; 
also, they increase correspondingly with the increase in the number of red blood 
cell s in the peripheral circulation (fig. z). 

* Supplied through the courtesy of Roche-Organon, Inc., Nutley, N. j. 
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anemia in ducks infected with p. lophurae 



• f Fl ° j J ' r , h ' S re P rcscQK thc aorma! development of the parasitemia and the anemia in yount 
infected with P. lophurat. Usually there occurs a decrease in the degree of the parasitemia precedi 
time of death. r 
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TIME IN DAYS 


PARASITIZED CELLS/500 RBC 
RED BLOOD CELLS IN MILLIONS 
•COLOR INDEX 
•HEMOGLOBIN-CRAMS 
HEMATOCRIT-PER CENT 


i'Fig. i. Accompanying the anemia in P. lophurat infectious in ducks there is a decrease ia ce s o i 
hemoglobin, and hematocrit. With a return in the number of erythrocytes to normal thrre is a c< 
spending increase in the cell volume, hemoglobin and hematocrit. 
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: The proportion of young red cells to adult erythrocytes during the infection is 
ndicated by the graph in figure 3. There is a variation in the size and shape of the 



TIME IN DAYS AFTER INJECTION 

Fig. 3. The adult and young red cells and their nuclei arc measured in both their maximal and mini- 
mal diameters and the average is plotted on the lower portion of this figure. The areas between the maxi- 
mum and minimum measurements of both the cells and their nuclei are indicated on the diagram. The 
adult erythrocyte with its nucleus maintains a uniform size and shape during the course of the infection, 
while the young erythrocyte with its nucleus varies both in size and shape during this time. At the time 
of the greatest number of young cells in the peripheral blood many of the young erythrocytes and their 
nuclei arc small and almost spherical. With the subsequent decrease in the number of young ceils the 
young erythrocytes increase in size and their shape approaches that of an elliptical body as indicated by 
the diagram in the lower half of this figure. 

The figure in the upper half also indicates the rapid increase in the number of parasitized cells with a 
corresponding diminution in the number of adult erythrocytes that occurs until the peak is reached on 
the fifth day of the infection. There is an increase in the number of young erythrocytes until approxi- 
mately iq hours following the peak of the parasitemia, at which time the number of young cells rapidly 
decreases. This is accompanied by a corresponding increase in the number of adult types of erythrocytes in 
the peripheral blood. 

crythroblasts in the peripheral blood during the course of the infection as shown by 
the diagrams in figure 3. Only typical adult erythrocytes are included in the group 
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^Fig. 4. This shows'The variative « ^enva on the thir 1 

of 1 duck that survives a severe malarial infec ■ > arc i arger and others are soill- 

day following inoculation; B, on the fifth day some of t s S norinal . apps aring 
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indicated as "Adult Red Cells” in figure 3. It is obvious from these data that this 
cell remains uniform in size and shape throughout the period of infection. In con- 
trast to the "Adult Red Cell,” the erythroblasts vary widely in both size and shape 
during the course of the infection as shown by the diagram in figure 3 indicated as 
“Young Red Cells.” These young cells at first are elliptical in shape and slightly 
smaller than the adult erythrocyte; however, at the time of the greatest number of 
erythroblasts in the circulation many of these young cells are small and almost 
spherical in shape. These small round cells are found in significant number only in 
those ducks that have a very high degree of parasitemia, a severe anemia, and sur- 
vive the infection. Two to three days following the peak of parasitemia the 
erythroblasts become larger and approach the shape of an elliptical body. 


Table i. — Dijjerent Ages oj Erythrocytes Observed in P. lophurae Injection in Ducks 


Cells of different ages in the blood and hematopoietic tissue 


Duck No. 

Exp. 

Day 

Blood 

Bone Msttow 

Liver 

Spleen 



mm 
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* A: Young red cells — illustrated in fig. 5B. 

B: Middle-aged red cells — illustrated in fig. 5C. 

C: Youngest type of red cells — illustrated in fig. 5D. 
t Counted 357 normal adult erythrocytes in peripheral blood, 
t Counted 100 hepatic cells in this smear. 

Since no satisfactory grouping could be made for measuring the young red cells 
within the peripheral blood, typical cells were photographed at different intervals 
during the course of the infection to show the variations in their size and shape 
(fig- 4)- ^ > s obvious from these photographs that the shape of a young erythro- 
blast in a stained smear approaches that of a sphere. Furthermore, many of the 
cells arc small on the fifth and sixth days of the infection at a time when the greatest 
strain is put upon the hematopoietic system. Erythrocytes in the peripheral blood, 
bone marrow, spleen, and liver are classified as to age and the results are given in 
table 1. All ducks with malaria show a marked increase in the percentage of young 
cells of the erythrocytic series. Near the time of death many of the immature forms 
of erythrocytes enter the peripheral circulation. The hematopoietic responses of 
the femur bone marrow, spleen, and liver are similar in that each shows a hyper- 
plasia of the erythroblastic tissue. Apparently the greatest number of red cells are 
formed in the bone marrow in comparison with the liver and the spleen. 
























Z50 ANEMIA IN DUCKS INFECTED WITH P. LOPHOTAE 

The tissue from 5 ducks was taken immediately following death from malaria 
and that from 3 ducks the day following the time of the peak of the infection. In 
each of these 8 ducks the bone marrow, liver, and spleen showed a marked increase 
in the number of young erythrocytes when compared with the control ducks of 
similar age (table 1). The bone-marrow of some of the ducks showed a predomin- 
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scribed above. The nucleus is round and the particles of chromatin are larger and 
more compact than they are in the younger type of cell. There is also a larger 
amount of cytoplasm in these cells than in the younger cells. The cytoplasm stains 
a bluish purple (fig. 5C). In the cytoplasm of many of these cells there are large, 
clear unstained areas. Frequently the cytoplasm is almost completely replaced by 
these unstained areas (fig. 5C). The oldest type of young red cells present in the 
hematopoietic tissue is an elliptical-shaped cell with a similarly shaped nucleus. 
The cytoplasm stains bluish pink. The chromatin of the nucleus is coarse and more 
compact than it is in the younger cells (fig. 5B). In some of the ducks the bone 
marrow, liver, and spleen show a predominance of so-called "very young erythro- 
blasts’’ while others show a majority of the "middle-aged type of erythroblasts.” 
The cells in the peripheral blood of these ducks with malaria are primarily like 
those described above as “young red cells.” Occasionally, however, few of the 
younger types of erythroblasts are present in the peripheral blood. Ducks dying 
from the disease may have a large number of the youngest forms of erythrocytes 
in the peripheral blood. 

The youngest types of erythroblasts do not have parasites within their cytoplasm 
and only a few of the more mature erythroblasts have parasites within their cyto- 
plasm. The absence of malarial parasites within these young cells is most conspic- 
uous especially when these cells are present in the peripheral circulation. 

DISCUSSION 

The results of the observations made in this study on the development of the 
anemia and the determination of the amount of hemoglobin in ducks infected with 
P. lopburae are essentially the same as those reported by Hewitt. 4 The bizarre forms 
of erythrocytes that may be observed in the peripheral circulation emphasize the 
fact that pathological cells may develop in the blood-forming tissue and escape 
into the circulation. The presence of a large number of erythroblasts in the circulat- 
ing blood which are more spherical than elliptical in shape indicates the 
morphological forms through which a normal erythroblast of the duck must pass 
to reach maturity. Smears from the bone marrow confirm the opinion that a young 
red cell is round and subsequently becomes elliptical in shape. 

Young red cells in malaria usually are spherical when they enter the blood stream 
and apparently become elliptical as they grow older. This observation would in- 
dicate that there is no fundamental difference in the cell structure of these young 
cells which arc produced in excessive numbers in malaria and the young cells that 
reach the peripheral blood under normal conditions. This change in the develop- 
ment of erythrocytes from a spherical form in the hematopoietic tissues to an el- 
liptical-shapcd cell may be the result of a variation in the environment. Hambur- 
ger 11 observed that erythrocytes of the horse and dog decreased in diameter as the 
plasma was diluted with distilled water. He pointed out the fact that the cells so 
treated become globular. Haden 13 has called attention to many of the problems as- 
sociated with any study on the variations in cell diameter and cell volume. Any 
study on the red cells in the duck infected with P. lopburae is difficult to follow 
since the hematopoietic response is so rapid and the interval is so short between 
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the time of appearance of abnormal numbers of atypical celk in 
blood and either complete recovery or death from the infection ' 

Magath and Higgins** found the erythrocytes in normal tame mallard ducks m 

rr s ] n n§ Caverage 11 a) by *■* r ° s -* ^ 

c er age 6.7). The nuclei of these cells were 5.0 to 7.0 microns long by 15 tots 

h pT‘ de i T ! e normal-appearing erythrocytes in the peripheral blood ofyounc 
w ire Pekin ducks infected with malaria are 11.3 by 7.1 microns and their nuclei 
5.6 by x-9 microns. The more mature erythrocytes in the peripheral circulation arc 
elliptical in shape in ducks with a low parasitemia. Some of the erythroblasts, how- 
ever, are smaller and almost spherical at the time the peak of parasitemia is reached 
in the highly parasitiaed birds. These small erythroblasts occur at a time when the 
greatest number of young cells are present in the circulation. With a diminution in 
the degree of the anemia the young ery throblasts again become larger and approach 
the shape of an elliptical body. Apparently when the hematopoietic system 
is forced to the point of maximum production the erythroblasts in the ducks may 
leave the hematopoietic centers as small round cells. Normoblasts are usually 
larger than erythrocytes when observed in the circulation in acute anemia in man. 
It is suggested that this difference in man and duck may be explained by the prob- 
ability that life in man is not compatible with such an acute and severe strain on the 
hematopoietic system. In chronic anemia in man we have microcytes in the pe- 
ripheral blood. These small round erythroblasts in ducks are found in significant 
numbers for 14 to 48 hours only in the few birds that survive a severe malarial in- 
fection. 

It is of interest to observe that the small type of erythroblast is present in the 
circulation in the ducks in significant numbers for only a short time. The question 
arises : Do these small young cells develop into the larger type of erythroblasts and 
then subsequently become mature red cells? The rapidity of the recovery from the 
anemia might suggest that such occurs. These young cells are more easily broken 
by centrifugation than the adult red cell. It is known that the microcytes in con- 
genital hemolytic anemia are more fragile than normal red cells. In this human 
disease there is a varying percentage of microcytes and macrocytes in the periphera 
blood at different times. The microcytes apparently appear in greater num ers 
during the periods of crisis when the hematopoietic tissues no doubt are put un cr 
the greatest strain. Apparently the hematopoietic tissues of the duck when p acw 
under a severe strain also respond with the escape of small erythroblasts int 
blood stream. As far aswe know there are no studies on the oxygen-carrying caps 
ity of the microcytes in diseases in man such as congenital hemolytic anemia- 
has been shown, however, that duck blood with a high P erccn ^ £ 0 f ’ it 

rocytcs is a poor carrier of oxygen - If a correspond, ng phenomenon docs occur^, 
man then we may have an explanation for the disporportion be 
manifestations and the degree of anemia frequently observe : m £ !i ’ q( k . 

The rapid increase in the number of ^obksts ^preceding ^ of 

emia in P. hpbunu infection m ducks is very differe ^ ^ of tht ra pii 

Terzian on P. lofhnrae infection in chicks. Terzian says 
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cell destruction taking place during the course of an infection, one would expect 
an immediate reticulocyte response. It is of interest to note, however, that such a 
response is singularly lacking and does not occur until some time after the numbers 
of parasites have begun to decline. . . . Once the animal has succeeded in clearing 
the circulation of the parasites it is able to regenerate its blood supply very 
rapidly.” 2 Figure 3 shows that the number of erythroblasts in the peripheral blood 
of ducks is increased with the diminution in the number of erythrocytes within the 
circulation; furthermore, young cells appear in the peripheral blood before the 
peak of parasitemia is reached. 

Previous experimental studies have shown that the oxygen-carrying capacity of 
duck blood is decreased when there are many erythroblasts in the circulation. 8 ’ 10 
The present study also shows that the amount of hemoglobin in duck blood with a 
high percentage of erythroblasts is less than that in normal blood. Furthermore, 
the ratio of hemoglobin to cell volume is not proportional to the number of red 
cells, following the time of the peak of the infection. This, of course, indicates a 
disproportion between the size of the red cell and a normal amount of hemoglobin 
for the cell. The illustrations in figure 4 show some large erythroblasts in the pe- 
ripheral blood following the time of the peak of parasitemia. The percentage of 
such large cells, however, was not determined in this study. 

Histological studies on the spleen and liver of ducks infected with P. lophurae 
have shown a proliferation of cells that were considered to be hematopoietic tis- 
sue. 16 The present study of the cells in the liver and spleen would indicate that 
these hyperplastic foci are formed primarily by cells of the erythrocytic series. 
The changes that occur in the type of red cell in the peripheral blood, of course, are 
indicative of the processes occurring within the blood-forming tissue. In some of 
the birds dying from the infection only very young forms of the erythroblasts are 
present in significant numbers within the hematopoietic tissues. This, of course, 
would suggest that the need for red cells in the peripheral circulation in these birds 
is greater than the ability of the host to produce them. It would seem that ducks 
with P. lophurae infection might not succumb if the hematopoietic tissue always 
could supply an adequate number of mature eythrocytes. At the time of death 
young erythroblasts may be present in the peripheral blood. The ducks that have 
a high parasitemia at the time of death show a large number of erythroblasts with 
one or more parasites within their cytoplasm. Apparently these plasmodia do not 
prefer young erythrocytes to adult cells; however, when the adult cells are absent 
they will enter the younger forms. It may be significant that P. lophurae does not 
prefer the young erythrocytes since the rapid decrease in the degree of parasitemia 
occurs at the time when the peripheral blood has the maximum number of these 
young cells. It is suggested therefore that one significant factor in the mechanism 
by which a rapid decrease in the parasitemia occurs in highly parasitized birds 
following the peak of infection is the result of an absence of mature erythrocytes 
for the parasites to enter. 

The increase in the color index of the blood from normal ducks given copper and 
iron would suggest that the anemia in the duck may be influenced favorably by the 
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administration of large quantities of these elements. However since ir • 
approximately two weeks for the blood of normal ducks to sh™ an JS 
increase m the color index it would be almost useless to give copper a J iron t 
ducks after they are infected with P. lophurae in an attempt to influence the anemh 
during the acute phase of the infection. 

, , Th f S |!f en ,’ llver > an<3 bone marrow su PP ] y young erythrocytes for the peripheral 
blood. The data given in table i show that the greatest number of the yountcsi 
forms of erythrocytes are present in the bone marrow, and furthermore, the yom 
cells in the spleen and liver usually are more mature than those in the bone marrow. 
In this connection it would be of interest to know if myeloblasts, myelocytes, an! 
polymorphonuclear leukocytes develop similarly in the spleen, liver, and bon: 
marrow in myeloid leukemia in man. 


SUMMARY 

This study of the anemia produced by P. lophurae in ducks emphasizes the signifi- 
cance of a decrease in the number of red cells in this disease, and furthermore, it 
suggests that the rapid diminution in the number of parasites following the peal 
of the parasitemia may be directly related to the character of this anemia since 
these parasites apparently do not prefer young erythroblasts to mature erythro- 
cytes. 

The observations made in this study show that erythrocytes in the ducks fast 
appear as spherical bodies in stained smears and when mature they are elliptical 
in shape. Under abnormal conditions such as may occur with a severe parasitemia, 
erythroblasts appear in the peripheral blood in large numbers, sometimes almost 
completely replacing the adult type of red cell. Both microcytes and macrocytes 
appear in the blood stream. The amount of hemoglobin within some of these 
young erythrocytes is small as indicated by the hemoglobin determinations anl 
the staining reaction. Small young erythroblasts with little hemoglobin appeal 
in the peripheral blood when the maximum load is placed upon the hematopoietic 
tissues. 
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In table 9 the average values of the iron content of various tissues under norma! 
conditions, under conditions of prolonged iron deficiency, and following hemo- 
globin injections are given. These values are taken from the papers of the Rochester 

group. 3S1, 355 


Tissue 

Parenchyma 
(Iron Deficiency) 

Normal 

(Standard Diet) 

Follow in? III?. 

Injection* 


1 

5-5 

31 


6 

46 

105 


11 

15 

3 ° 


1 

5 



1 

1 



1 

4 

4 


1 

3 

4 

7 

6 

______ 


Values arc expressed in mg. per 

Little is known concerning the chc ^ ^ transferred to the 

liver builds the simple precursors mt ■ ■ of whethcr iron is sent 

bone marrow where they are assem R f cently several iron-containing 

to the bone marrow as a simple sal as indicated below. The - 

compounds have been isolated from ‘^on J h ese compounds may well cluc.Jm 
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the trichloroacetic acid precipitate. The total iron in a trichloroacetic acid filtrate 
reacts directly with potassium thiocyanate in acid solution after oxidation with 
hydrogen peroxide and this fraction accounts for about 40 per cent of the non- 
hematin iron. About 50 per cent of the total iron in the trichloroacetic acid filtrate 
is precipitated along with organic substances by normal lead acetate. The digestion 
of fetal calves liver, adult rat liver and muscle tissue, and beef spleen by pepsin at 
about pH x produces a five-fold increase in the iron content of the trichloroacetic 
acid filtrate. The autoproteolytic changes in the liver and spleen at pH 4.5 also 
include the decomposition of organic iron-containing compounds, presumably 
iron proteinates. This decomposition is accelerated by hydrogen sulfide and in- 
hibited by copper. 

With the knowledge available at the present time one may classify liver and 
spleen nonhematin iron compounds into the following: (a) ferritin, (b) non- 
crystallizable ferritins, (c) ferrin, (d) hemosiderin. The portion of the total non- 
hematin iron present in each of these four compounds is not known. 

In 1937 Laufberger 395 isolated the crystalline protein, ferritin, from horse spleen 
and demonstrated that it contained over xo per cent by dry weight of iron. The 
protein was easily crystallized out as the cadmium salt and was found to be stable 
between pH 4 and 10. Kuhn, Sorenson, and Birkofer 396 concluded that ferritin con- 
sists of 54.5 per cent protein, ix.x per cent nucleic acid, and 35 per cent Fe+^+OOH. 
Careful and thorough studies on the chemical, physical, crystalline, and mag- 
netic properties of ferritin have been performed by Granick, Rothen, Michaelis, 
and Coryell and their results are reported in a series of papers. 391 - 3 9 7-403 ■ 064 
Horse spleen ferritin is a protein easily crystallizable as the cadmium salt and 
contains over 10 per cent iron. Ferritin can be freed from its iron by reduction to the 
ferrous state and removed by dialysis after combination with a-bipyridine. An 
iron-free, colorless protein solution results, from which the protein crystallizes in 
the presence of cadmium sulfate in the same crystal form as does ferritin. This 
colorless protein is designated as aporferritin and has been investigated in the 
ultraccntrifugc and shown to be a yery homogeneous protein with a molecular 
weight of 465,000. It was found by solubility studies, variation in the iron and 
phosphorus content, and by studies in the uitracentrifuge that ferritin is not a 
definite molecular species but consists of a mixture of a complex of apoferritin- 
iron hydroxide and about 15 per cent free apoferritin, the mass of these particles 
not being uniform. It was concluded that the iron of ferritin was most likely 
present in the form of micelles of ferric hydroxide interspersed in the apoferritin 
crystal lattice in the spaces between the protein molecules. The approximate 
composition of the iron-rich micelles of ferritin appears to be (FeOOH) s 
(FeO— OPOjH;). Magnetic measurements have shown that the iron in the micelles 
is present in the rarely occurring state of 3 unpaired electrons per iron atom. These 
workers were unable to confirm the presence of nucleic acid in ferritin. 

Ferritin is widely distributed among mammals and the species from which it 
has been isolated arc, in order of decreasing ferritin content, horse, man, dog, 
guinea pig, mouse, rat, pig, rabbit, and cat. The organs from which it has been 
isolated arc spleen, liver, bone marrow, kidney, and testicle. No trace of ferritin 
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could be demonstrated in red or white blood cells or blood plasma In man f, 
ntm has been found in the spleen, liver, and bone marrow. The total amount anJ 
concentration of ferntm in human liver is much greater than that in the splj 
It may be significant that extensive bleeding in horses lowers the ferritin and 2 
erntm content of the spleen. The decrease in the apoferritin content suggSs 
a reutilizacion for blood production of the protein fraction of the ferritin as well 
as of the iron. That ferncin is found in high concentration in the red bone marrmv 
is also suggestive of a role in blood formation. The function of ferritin as sroracc 
iron has been shown in dogs using the radioactive isotope. Radioactive iron in 
the form of ferric ammonium citrate when administered by vein is readily con- 
verted into ferritin iron in the liver. One hour after injection over <50 per cent of 
the injected iron was found to be present in the ferritin-rich fraction. In another 
dog, after 1. hours, 61 per cent of the injected iron was found in this fraction. 
It has also been demonstrated that iron liberated from destroyed red cells is used 
for the construction of new ferric hydroxide micelles of ferritin. The authors 
have therefore concluded that ‘ 'ferritin iron acts in the capacity of storage iron 
in the animal body." 

The in vitro conversion of radioactive iron to ferritin has been studied and it 
has been found that ferritin may take up almost 50 per cent of radioactive iron bv 
mixture with ferric ammonium citrate. The incubation of guinea pig liver brei 
with apoferritin and radioactive ferric ammonium cirrate, the subsequent isolation 
of crystalline ferritin, and the determination of its radioactivity indicate that iron 
micelles of ferritin are the result of metabolic synthesis, perhaps due to a specific 
enzyme. 

After ferritin is removed by crystallization with cadmium sulfate, there remains 
a brown mother liquor which cannot be made to yield further crystals but contains 
a brown, colloidal, nondializable compound containing about 19.8 per cent iron 
and somewhat less nitrogen chan ferritin although the relative nitrogen, phos- 
phorus, and iron values do not differ appreciably from ferritin. It is thought that 
the iron is present as a colloidal ferric hydroxide, the micelles of which contain 
in pare ionic constituents other than OH, and that these micelles are loose!) at 
tached to proteinaceous material, including some denatured apoferritin. 15 
fraction is called "noncrystallizable ferritin" and its significance is un moun. 

Tibet and Elliott’ 04 have described an iron-protein complex in liver which thej 
have termed ferrin. This compound differs from ferritin m several res P^ s _ 
precipitates rather than crystallizes on addition of cadmium sulfate, it pte P 
at a lower concentration of ammonium sulfate chan does ferritin, it is P 
i„ appreciable quantity in the spleen, and .he iron 
the iron in ferritin in the catalysis of phospholipid oxidation - 
whether ferrin it a S in S ie and specific contend, nor * '< 
it represents a denatured product. The function of far clongbeW 

The yellow brown granules seen in the tissues 0 J “° S ;r ” n<ontainin gconil«unJ 
known as hemosiderin. The most unusual feature o ^ that it is the iron* 

is the appalling lack of knowledge concerning - tissues but es- 

containing portion of hemoglobin which rests in the cells 
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pecially is it found in the spleen, liver, and kidney following the destruction of 
erythrocytes. Hemosiderin probably represents some stage or side reaction in the 
disintegration of hemoglobin into bile pigment but the exact nature of the reactions 
involved is not understood. There is little doubt that it functions as storage iron, 
for the granules are abundant following repeated injections of ferric chloride 406 ’ 407 
and disappear when the demands of the body for iron are great. The precise chem- 
ical nature is unknown. Cook 408 in 15x9 presented evidence that the iron-pigment 
consists of organic granules impregnated with ferric oxide. The iron can be re- 
moved by treatment with acid, leaving the substrate practically intact. This iron 
then reacts with thiocyanate and other substances in a manner which is not char- 
acteristic of ionic iron. Recent work by Michaelis and co-workers 399 casts doubt 
on the homogeneity of hemosiderin granules. They conclude that the iron of 
hemosiderin is, “at least in the main part, in the same magnetic state as ferritin, 
and that some of its iron may be in a state of lower susceptibility.” Hemosiderin 
granules isolated by differential centrifugation in a partial state of purity have an 
iron content of 8.19 per cent, a nitrogen content of 12..9 per cent, and a phosphorus 
content of 1.6 per cent. 408 

Saha and Guha 409-412 have obtained an iron-copper-nucleiprotein complex in 
a fairly pure state from fish. They suggest on a basis of the hemoglobin-regenerating 
potency of this compound in anemic rats that it may be a precursor of hemoglobin. 

5. Anemia of iron deficiency . — The anemia of iron deficiency and its response to 
iron therapy are well recognized and have been described many times. 309 ’ 4I3 ’ 414 
Only certain features will be summarized here. 

A hypochromic, microcytic anemia is characteristic of iron deficiency and has 
been described in many different species. In the advanced stages marked aniso- 
cytosis and poikilocytosis of the red cells are present. The mean diameter of the 
red cells is small and the mean corpuscular volume, mean corpuscular hemoglobin 
concentration, and mean corpuscular hemoglobin are reduced. The Price-Jones 
curves in severe cases show a marked shift to the left with a broad base. Retic- 
ulocytes, punctate basophilia, and nucleated red blood cells are occasionally 
seen. The white blood cells and platelets are usually unaffected. 

In the absence of iron, hemoglobin cannot be synthesized and there is a matura- 
tion arrest at the normoblastic stage. The bone marrow is hyperplastic and shows 
a predominance of the more mature nucleated red blood cells, principally the 
polychromatic normoblasts. 320 ' 415-417 

There is no evidence that there is an increased rate of destruction of red cells. 
The scrum bilirubin and icterus index are either normal or diminished and hemo- 
globin destruction as measured by urobilinogen excretion is diminished. 418 

Porphyrin metabolism has been inadequately studied in iron deficiency. Dues- 
berg" 9 states that porphyrin excretion is diminished and on this basis suggests 
that iron may function in the preporphyrin stage of hemoglobin formation. Seg- 
gcl 420 has shown that erythrocyte protoporphyrin is increased in iron deficiency 
and this has been clearly confirmed by Watson et al. 421 The normal erythrocyte 
protoporphyrin ranges between zo and 45 7 per 100 cc. of erythrocytes. In a woman 
with a marked hypochromic anemia due to chronic blood loss from bleeding 
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X ,mc is ■ of “ s “ rion 

Moore, Doan, and Arrowsmith«» an d others* 22 have demonstrated that th- 
rum iron level is low in iron deficiency anemias of varied etiology. There isro 
consistent alteration of the “easily split-off” iron under these conditions. Unix 
trie influence of iron therapy-, serum iron values return to normal as the mem 
corpuscular hemoglobin concentration increases to normal and as the state o r 
iron deficiency is corrected. 1 " 

6. Excretion. It has long been claimed that iron is excreted by three routes- 
urine, bile, and the large intestine. The older methods of iron analysis were fmcht 
with many difficulties. Since the use of radioactive iron much more reliable^- 
formation is at hand and the older concepts will have to be altered. 

It is now generally agreed that only a minimal amount of iron is excreted ia 
the urine. It is questionable whether this small amount has any significance. 
It is probably derived from cellular debris. It has been shown rhar the urinary 
excretion of iron is rather constant in the same individual and that it is not related 
to iron intake. Barer and Fowler* 23 have summarized the literature and report the 
average value for ioo men to be 0.395 mg ./ day and for 100 women 0.4S9 mg./dar. 
In rats Greenberg, Copp, and Cuthbertson* 2 * were able to demonstrate that 1.5 
per cent of the administered dose of radio-iron was excreted in the urine. Hahn 
and co-svorkers* 25 injected radio-iron intravenously in dogs and found that only 
small quantities were excreted by this route following iron injections. later the 
excretion dropped to traces and even to zero. These workers suggested that the 
small quantities found immediately after the injection were derived from the dif- 
fusable fraction of plasma iron. Similar conclusions have been reached by Little, 
Power, and Wakefield.* 26 

There is evidence that significant amounts of iron are eliminated in the bile under 
certain circumstances. However, under normal conditions iron is eliminated in it: 
bile of dogs at the low but consrant rate of 0.2. mg./day.* : ‘ The excretion is «: 
increased by the injection of iron by vein. Confirmatory results have been obtaic.- 
in the rat using the same method.* 2 * Under conditions of increased blood destruc- 
tion* 27 the elimination of biliary iron may increase ten-fold and parallels r : 
increased output of bile pigment, but even then only 3 per cent of the release iro- 

is eliminated in the bile. ....... 

Welch, Wakefield, and Adams* 28 were the first to challenge the older 

that the intestine holds the power to regulate the excretion of iron. c\ ^ 


in a 


... . patient with an ileostomy that the excretion of iron mto the co - 

ligible. McCance and Widdowson-- «• and Fowler and 
iron parenterally came to the same conclusion. McCance an 
demonstrated that less than 0,5 pet cent of the 7*"'*^** 
the destruction of red cells with acecyl-phenylbydrazine m a pi 
L excreted. Rece.dy these a „,h„,s» have seudted ” £* 
with a hemolytic anemia who received approximately i g 
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intravenously in the form of transfusions for ioo consecutive days. In addition 
to this, her daily dietary intake of iron was 5.6 mg. per day. On this regimen 
of 85.6 mg. intake of iron per day she excreted only 5.Z mg. total per day in urine 
and stools. From this the authors concluded that she was unable to excrete the 
large quantities of superfluous iron and that iron once absorbed remains in the 
body. Histologic study by Maddox and Heath 432 of the gastrointestinal tract 
and of a colonic explant on the abdominal wall of dogs before and after the ad- 
ministration of iron revealed no evidence that iron can be observed in the process 
of excretion by these organs. Work with intravenously administered radioactive 
iron has confirmed this view. Hahn and co-workers 425 found that in 5 dogs re- 
ceiving 100 to Z50 mg. of radio-iron the fecal excretion settled down to 0.05 to 
0.4 mg. per day. Greenberg et al. 424 in a similar experiment in rats found 1.9 per 
cent of the radio-iron in the gastrointestinal tract. Both groups of workers suggest 
that this small quantity may be derived from epithelial wastage. 

In summary it may be said that small but insignificant amounts of iron (ap- 
proximately 1 mg. per day) are excreted by the body through the urine, bile, and 
intestine. It would seem that the body controls the iron stores by controlling the 
absorption rather than its elimination and that once iron gains entrance into the 
body it remains there. 

B. Copper . — There has been no subject in hematology more controversial than 
that of copper. The earlier literature concerned itself principally with the ef- 
fectiveness or ineffectiveness of iron salts in the prevention and cure of the anemia 
produced in rats maintained on a milk diet. This controversy resulted in a volu- 
minous literature. It has now been demonstrated many times in several different 
species that copper is needed in addition to iron in order either to prevent or to 
cure the anemia. This earlier literature has been reviewed by Elvehjem. 433 

Unfortunately, so much emphasis has been placed on the value of copper in the 
treatment of experimental anemia in rats and in certain instances of iron deficiency 
anemia in human beings that, although the presence of copper in normal tissues 
lias been recognized for a long time, little attention has been given to its function 
and metabolism. Since the original controversy interest in this element has waned. 
This is extremely unfortunate since an understanding of copper metabolism is essen- 
tial to an understanding of the process of erythrogenesis. 

Various reviews on the subject of copper arc available. 305 - 308 - 433 - 436 

1. Copper deficiency in animals . — In 1914 a series of studies was begun at the Uni- 
versity of Wisconsin which demonstrated that when rabbits or rats were raised on 
a diet consisting of whole milk an anemia developed. 437 - 43s This anemia failed to 
respond to highly purified iron salts but did respond to the ash of liver, lettuce, or 
corn especially when supplemented with an iron salt. 439 - 441 The pale blue color of 
the liver ash suggested that copper might be the active factor. 440 It was soon dis- 
covered that the addition of 0.05 mg. of copper together with 0.5 mg. of iron to the 
whole milk diet produced an immediate and striking recovery. 442 Iron alone failed 
to cause a rcticulocytosis while copper alone produced a small prolonged response. 
When both iron and copper were given a reticulocytosis of 16 per cent developed 
in 4 days. 413 The minimal daily requirements for the production of a typical reticu- 



z6z 


dietary FACTORS concerned in ERYTHROPOIESIS 

]°cyre response in an anemic rat were found to be approximately 0.3 me of iron 
and 0.005 to 0.01 mg. of copper. 1 * Manganese as well as eleven other elements ^ 
found to be inactive. 1 * Underhill, Orten, Mugrage, and Lewis 11 * demonstrated 
that rats maintained for 667 days on a milk diet supplemented with iron and copixr 
maintained a normal blood picture. " ‘ 

Smith and Medlicott 151 have made a detailed morphological study of the red 
blood cells in rats deficient only in copper and have found that the anemia is micro- 
cytic and hypochromic and is accompanied by a moderate reticulocytosis of $ per 
cent. Blood smears showed a microcytosis, hypochromia, and occasional baso- 
philic red cells and poikilocytes. The microcytosis was not as marked as in iron 
deficiency anemia. The feeding of copper to rats deficient in both iron and copper 
produced a marked reticulocytosis, a rise in the erythrocyte count, and no change 
in hemoglobin. This work is summarized in table 10. 

Copper has been shown to be essential for erythropoiesis in dogs. 119 ' 45M,s This 
conclusion has been questioned by Whipple and his group. 319,50 ® They found that 


Table to. — Summary of the Blood Picture cj Normal and Anemic Ran 


Treatment 

R.B.C. 
Millions per 
cu.mm. 







Normal 

7-4 

14.9 

44-7 

61 j 

1 

55 i 

20 j 

! 3 

Milk Anemia 

3 - 1 

3-4 

u. 5 

57 j 

18 1 

1 11 

1 5 

Fe-Fed 

1.8 

3.6 

13-5 

5i ! 

17 

i M 

* 

Cu — Fed 

4.1 

3-4 

34.6 

35 

43 

s 

! ^ 


Modified from Smith and Medlicott. 451 Average values are given; MCV = mean eorpoidit 
volume; MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin co„- 


centration. 


dogs made anemic by bleeding have abundant stores of copper in the liver and 
spleen and that the administration of copper has only a moderate or irregular efiw 
on hemoglobin production. They state that they have no explanation for this 
indefinite and irregular response. Yet, they admit that the salmon bread 
by them supplies at least 1 mg. of copper daily. Since copper is not a consent a 
hemoglobin as is iron and whole blood contains only approbate > 

-rams per 100 cc., phlebotomy draws only little on the copper stores There « 
ET„o .0 expect that thei, dogs should have been «*£*»£ 

that they should have responded to copper therapy. Whe»gtm™|d S 
tained on a copper-low milk diet and then phi* a.otn.a , « ^ 
demonstrated that they ace copper deficient and conseqnen ) P 

only after the addition of copper. 1 ”' 450 ' 498 d that t here is no signiS- 

In copper deficiency anemia in dogs it has be P don inte . 4 »Ho*- 

cant alteration in the mean corpuscular volume ° r j nt incoaiM 

ever, during copper therapy the mean corpuscular volume 

with the hemoglobin increase. _ __ • j known as "GinginricJ« ; 

A condition called ' enzootic ataxia . j Western Australw- 

or ‘ ‘ataxia in young lambs” has been described in sheep 
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Diseases of lambs with similar clinical features have been described from other parts 
of the world as "renguera,” 463 "paralysis of lambs,” 464 "sway-back,” "swing- 
back,” and "warfa.” 465 - 456 These conditions have been incompletely studied and 
their etiology is unknown. 

The condition occurring in England and known as "sway-back” responds to 
copper treatment even though it has been demonstrated that the grasses in the 
affected areas and the livers of the affected animals are not deficient in 
copper. 609 ’ 610 It has been suggested that the disease is due to a disturbance of 
copper metabolism. 467 

The condition occurring in Western Australia has been carefully studied and con- 
clusively shown by Bennetts and Beck 462 to be due to copper deficiency. A complete 
review of their work is worth while since it demonstrates in detail the manifesta- 
tions of copper deficiency in sheep and shows so clearly the relationship of copper 
to hematopoiesis. Manifestations have been shown to be present in both pregnant 
or lambing ewes and in lambs. The disease occurs most commonly in lambs of 1 toi 


Table ii . — Blood Values for " Normal" and Affected Lambs* 


Subjects 

R.B.C. X 10 ’ 
per cu.mm. 

Hbg. Gm. % 

Ht. 
cc. per 
100 cc. 

MCV 

CU./i 

MCHw 

MCHC 

% 

11 Healthy Lambs from “Sound" 
Localities 

(14.0-16.9) 

15.0 

(13.1-17.6) 

* 5-7 

(41-47) 

44 

(17-31) 

30.0 

(9 -ll-o) 

IO 

(2-9-43) 

35 

3 Ataxic Lambs 

C 9 - 4 _I 7 - O 

11. I 

( 5.9-13.1) 
8.5 

(19-37) 

1-5 

(10-11) 

11 

(6.0- 8) 

7 

( 30 - 35 ) 

33 


* Modified from Bennetts and Beck. 22 MCV = mean corpuscular volume; MCH = mean cor- 
puscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration. Note: The MCH 
and MCHC were calculated from the data by the reviewer. Figures in parentheses represent range. 
Lower figures represent mean. 

months of age. The first manifestations are "an appearance of unthriftiness” and 
retardation of growth. Incoordination of the gait affecting the hind limbs soon 
follows. The animals develop marked ataxia and eventually the forelegs are 
affected. They then remain in a position of dccubitis and die in this condition in 3 
to 4 weeks from malnutrition and intercurrent infections. The condition appears 
to be essentially one of ataxia without true paralysis. Pathologically the disease is 
characterized by dcmyelination of the nervous system, a typical degeneration of the 
myelin sheaths of nerve fibers in the cord being pathognomonic. Both motor and 
sensory fibers arc involved. Extensive brain lesions especially in the medulla and 
cerebellum may occur. Hemosiderin was commonly seen in the livers and occasion- 
ally in the spleen and kidneys of the lambs. A definite hypochromic, microcytic 
anemia was frequently seen in the subacute disease. This is demonstrated in table 
1 1 . Blood smears showed anisocytosis and hypochromia. Stippled cells were rarely 
observed and were never numerous. The administration of copper to these animals 
completely alleviated the anemia. There was a striking correlation between the 
degree of anemia in the late stages of pregnancy or the early lactation period in the 
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ewe and the development of ataxia in the lamb. A correlation 
between low blood copper in the mother and the 


was demonstran 

progeny. No definite relarionship was found bemee'n the' f “ 
blood copper in the lambs although low hemoglobin values were not noted um 
the blood copper had fallen to levels between o.oi and o.oi mg. per cent. In mar 
cases the blood copper fell to these levels without a fall in the hemoglobin valu 
When the hemoglobin diminished it was usually some time after the copper lev, 
had fallen. Chemical analysis of the liver, blood, and milk of the mothers and , 
the liver and blood of the affected progeny demonstrated conclusively and cot 
stantly in all cases analyzed that a low copper status existed. Analyses of pastun 
in the affected districts were extremely low in copper as compared with pastures i 
nonaffected districts. The administration of copper to the mother during thegest; 
tion period prevented completely the occurrence of the disease. Copper adminit 
tered to the lambs arrested the disease, even in the later stages, at which time th 
course was rapid in untreated controls. Treated animals, apart from persistence c 
some ataxia, recovered. Copper supplements in the form of a lick or as a top dress 
ing prevented the occurrence of ataxia and promoted optimal growth in iambs. 

The manifestations seen in adult sheep were somewhat different from those ob 
served in lambs. ‘‘Stringiness” of the wool was observed in the animals afte 
grazing a few months on copper-deficient pastures. Ataxia and pathologies 
changes in the nervous system were not observed in adult sheep. There was 
however, moderate hemosiderosis of che live r, kidneys, and spleen. The degree o 
hemosiderosis appeared to be related to the degree of anemia. The breeding ewe 
exhibited diarrhea and anemia. The anemia was severe. Values of as low as i:, 
Gm. per cent hemoglobin, z.7 million red blood cells, and a volume of packed red 
blood cells of 15.5 cc. per 100 cc. were observed. The blood studies are summarized 
in table iz. In severe cases macrocytes were sufficiently numerous to raise the mean 
corpuscular volume significantly above normal. In spite of this slight macrocytosis 
a mild hypochromia existed. The authors state: "A classification of the anemia is 
not possible without further extensive investigations which are beyond the scop: 
of the present inquiry.” Examination of blood smears revealed marked anisocytosis, 
poikilocytosis, numerous macrocytes, stippled cells, and polychromatophiha. 
Howell-Jolly bodies and normoblasts were occasionally seen. In 1 case 49 normo- 
blasts per 100 white blood cells were observed. In z cases macroblasts were seen. 
Reticulocytes were generally numerous in the more anemic animals (mean 41 F f 
cent and maximum 11 per cent). As in the case of the lambs the anemia was asso 

-- the blood and liver. Very low blood and liter 

derail}’ 


the absence of anemia and anemia ge 

r had fallen to very low levels. 


dated with low copper values in 
copper values were sometimes present 

developed several months after the blood coppu , - , j, 

After the completion of gestation and lactation periods the 00 PF 
feled .0 normal earlier rh.n .he hemoglobin valnes, 
persisted. The anemia in all cases responded ro pure „ , k 

with a reticulocyte peak of approximately zo per cent ^ oth;r 

7 th day. Thereafter the blood picture steadily ^proved 1 > (hc r: J 
abnormal cells disappeared from the circulation and by che to 
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blood cell count, hemoglobin, and mean corpuscular volume approached normal 
values. During the same period control ewes became somewhat more anemic. The 
authors conclude, “It is clearly evident that in sheep as in other species copper is 
necessary for normal hemoglobin formation and erythropoiesis. It would appear, 
however, that this function may be carried out, in the sheep, under conditions of 
copper deficiency when the blood and liver copper values of the animal are very 
low, provided that it is not called upon to produce and rear progeny. In this event, 
owing to the drain on the mother’s reserves for the embryo a breakdown may occur 
and anemia supervenes.” 

An enzootic disease of cattle is known to occur in the areas in which the enzootic 
disease in sheep is prevalent. This condition in cattle, known as “falling disease” 
because of its termination in sudden death, has been studied in detail and reported 


Table il. — Blood Values of " Normal " and Affected Sheep* 


Group 

R.B.C. XI 0 « 
per cu.mm. 

Hbg. Gm. % 





"Normal" 

(7-7-13 -0 

(9.8-16.8) 

(3O.O-48.8) 

(30-39? 

(11-14) 

(33-43) 


10.4 

iz .8 

36.5 

35 

IZ 

35 

"Nonanemic" 

(6.7-13.1) 

(8.3-15.8) 

(10.0-41.5) 

0 - 9 - 4 2 -) 

(10-14) 

(18-47) 


9-9 

u -7 

35 - 1 

36 

IZ 

33 

"Anemic" 

0 -- 7 - 7 - 4 ) 

( 3 - 9 “ 7 - 5 ) 

(15.5-14.9) 

( 30 - 59 ) 

(11-15) 

(11-31) 


5.05 

5-9 

IO.9 

43 

IZ 

2-7 


"Summarized from Bennetts and Beck.- 152 MCV = mean corpuscular volume; MCH — mean 
corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration. Note: The values 
for MCH and MCHC were calculated by the reviewer from the data. The "normal” sheep con- 
sisted of animals taken from healthy areas. The "nonanemic" sheep were animals taken from 
disease-producing areas and received copper supplementation. The "anemic” animals were breeding 
ewes from a disease-producing area and had received no copper. Figures in parentheses represent 
range. Lower figures represent mean. 

by Dennetts and his co-workers .- 158 -- 159 Clinically the disease is characterized by a 
“rough staving coat,” a depraved appetite, suppression of oestrus, anemia, and 
sudden death. Young animals show marked evidences of malnutrition and abnormal 
development; intermittent diarrhea and anemia are frequently present. Pathologi- 
cally the disease is characterized by atrophy and scarring of the myocardium, 
marked hemosiderosis of the liver, spleen, and kidneys, and by an unusual type of 
glomerulonephritis in the fatal cases . 400 The sudden death would appear to be a 
result of myocardial failure. The anemia has a seasonal incidence, being especially 
prevalent in September and October, it may be exceedingly severe, and it is reported 
to be definitely macrocytic and somewhat hypochromic. The degree of anemia cor- 
relates well with the degree of reduction of the blood copper. Anisocytosis, poikilo- 
cytosis, numerous macrocytes, polychromasia, punctate basophilia, and occasional 
Jolly bodies were seen in the blood smears. Reticulocytes were not numerous. 
Evidences of increased cell fragility or excessive hemolysis were not found. A low 
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corner,; 


copper status in the liver and milk of the animals as well as a low corner 
of the pastures has been demonstrated. Copper supplements prevented the 
ance of the seasonal anemia as well as the other clinical signs of the deficiency H 
alleviated the anemia, promoting optimal health in affected animals main, J 
in affected areas. In an experimental dairy herd optimal response was obtained k 
the administration of pure copper supplements; the addition of other minerals hi 
no appreciably beneficial effect. Thus it would appear that “falling disease" in 
cattle is due to an uncomplicated copper deficiency. 

In addition to rats, mice, rabbits, dogs, sheep, and cattle copper has been shown 
to be essential for erythropoiesis in chickens 446 and pigs. 417 - 446 Elvehjem has con- 
cluded that copper is of fundamental importance in the formation of hemoglobin 
in all red-blooded animals.” 

2. Copper deficiency in man . — In the treatment of nutritional anemia in infants it 
has often been demonstrated that when iron therapy is combined with copper 
therapy the rate of hemoglobin formation is more rapid than when the anemia is 
treated with iron alone. Josephs 461 treated a large series of infants with iron and 
copper. The hemoglobin curves of the group treated with iron tended to flatten out 
at about 50 per cent, whereas the curves representing the infants on both iron and 
copper continued to rise steeply to about 70 per cent. Hutchinson 462 treated 3 
anemic infants for periods of 1 to 5 weeks with ferrous sulfate. Medication was then 
discontinued for 1 to 6 weeks. At the end of this time the hemoglobin values had 
become stationary. Copper sulfate was then given. In every case there was a further 
rise in hemoglobin. Similar results have been reported in Parsons and Hawkslcy" 1 
in 3 cases, by Elvehjem, Duckies, and Mendenhall 464 in 6 cases, and by Le\vis m in 
zg cases, as well as by others. 466 ' 469 

Usher, MacDermot, and Lozinski 470 tested the efficacy of copper as a prophylac- 
tic agent against the anemia of infancy in 133 institutionalized patients. They found 
that at the age of 1 year, the group receiving both copper and iron supplements had 
an average hemoglobin value of 19 per cent above that of the control group receiv- 
ing no supplement, whereas the group receiving iron alone had an average hemo- 
globin value 15 per cent higher than that of the controls. 

An analysis of the livers of anemic infants has revealed a lower copper content 
than the livers of nonanemic controls. 471 A reduced copper content of the liters 0 
infants during the nursing period and an increase as soon as a mixed diet was sup- 
plied has been reported. 472 The most convincing proof of the efficacy of copper ,s 
presented by Moore. 435 Using the double reticulocyte method, he treated ;p- 
chromic anemia in infants with ferrous sulfate. After z weeks, copper su ate 
added to the iron. In several cases the copper initiated a second rettcu oc> • 

There is very little evidence to indicate that iron alone is as effective as 
iron and copper rherap y ,» into, Thar ev.dence which d« «« » »» »- 
ing Mackay 473 found that iron and copper were no more effeem 
mmdrional anemia rhan ,» 6 cares given iron alone. 
her series, as she admits, was not copper free. Lottrup obtain 

M Svehj S em” DnSes, and Mendenhall- mate rhe s.arenrcn, "Since mill » 


in 

10 

lotf 
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in both iron and copper, i liter of certified milk containing from 0.12. to 0.18 mg. 
of copper and approximately 0.50 mg. of iron, it is not surprising that the reserves 
of infants may become depleted and that anemia may result.” 

The value of copper in the treatment of hypochromic microcytic anemia in adults 
is controversial. Mills 475 reported cases which did not respond satisfactorily to 15 
to 60 grains of “Blaud's mass” daily for a period of one to several months but did 
respond rapidly when copper was added to 75 grains of Blaud’s mass. Five cases 
which were treated initially with Blaud’s mass containing copper responded both 
immediately and favorably. Adamson and Smith reported similar results in 10 
cases. 476 Dameshek 477 found that about 75 per cent of the cases which he treated 
responded maximally to a copper-free iron preparation alone; in the remainder small 
doses of copper sulfate, given with iron, were effective in continuing the hemo- 
globin response. Waugh 478 in referring to hypochromic microcytic anemia in adults' 
makes the statement: ”1 am inclined to take the view that there is a more or less 
specific therapeutic value in the combination of copper with iron in the treatment 
for this condition,” but he presents evidence in only 1 case. Gross 479 treated 8 
patients intravenously with a combination of iron cacodylate and copper formate 
and found this combination effective butobserved no controlswith the iron cacodyl- 
ate alone. Jones 480 states that he has encountered many patients who do not re- 
spond to either iron or iron and acid until copper is added, but he presents no data. 

It is the general consensus of most hematologists that adult patients with 
hypochromic microcytic anemia, in the absence of infections, malignancy, and 
continued hemorrhage, will respond satisfactorily and rapidly to iron medica- 
tion. ^ w.4si-fS3 Bethell et al. 484 treated a series of patients with minimal amounts 
of purified iron in conjunction with a low copper diet and obtained a good rate of 
hemoglobin formation. The low copper intake apparently made no difference in the 
response. Fowler and Barer 485 divided the treatment of 19 patients with hypo- 
chromic microcytic anemia into three periods. During the first iron was adminis- 
tered, during the second iron plus copper, and during the third the copper was 
omitted and the dose of iron increased. The average increase in hemoglobin in grams 
per cent during the first period was +0.415, during the second +0.133, and during 
the third +0.336. These authors concluded that copper sulfate did not increase the 
effectiveness of the iron. 

From the data presented it is possible to draw certain general conclusions regard- 
ing the efficacy of copper in the treatment of microcytic hypochromic anemia in 
man. In evaluating the literature several factors must be considered. First, it is very 
probable that a few of the cases in which negative results were obtained were not 
actually cases of nutritional anemia. Secondly, there may have been factors present 
such as infections or malignancy which retarded or prevented a response. Thirdly, 
some of the negative results might be explained on the basis of contamination of the 
iron with copper or the hospital diets may have contained sufficient copper to make 
any beneficial effects from added copper difficult to detect. Admittedly, such experi- 
ments arc difficult to control since the quantity of copper needed is so small. 
Fourthly, some of the cases presented as not responding to iron alone were probably 
not given a sufficiently long period of trial and when copper was added the response 
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may have been due „ the iron alone. Rericuloeyte coon, a k 

the cases recorded as not responding to iron, • ' 

In nutritional anemia in infants the rate of hemoglobin formation is accckm-i 
w en copper is given in addition to iron. In adults supplemental copper therm 
may be of value in a few cases. These, if they occur, are rare. Most cases will rK Jd 
if adequate doses of iron are given . This does not necessarily indicate that coprcrTi 
not needed for hemoglobin formation or that it is not a dietary essential but rub 
that the quantities needed are so small that sufficient copper is present in the bob 
stores in adult life, in the diet, or as a contaminant in the iron to supply the needs. 
No uncomplicated or clearly defined case of copper deficiency in man has ha 
reporced. 

There is a need for careful studies on the treatment of hypochromic microcyti; 
anemia in adults in which the diet as well as iron used is free from copper and ia 
which use is made of the double reticulocyte method to determine the degree of 
response to iron as well as the response to copper. Considering the amount of debit: 
which this controversy has caused it is amazing that such studies have not hen 
done. The opinions which have been expressed are based more upon general impres- 
sions and poorly controlled experiments in a small number of cases than upon reli- 
able experimental data. 

). The metabolism of copper in animals . — Copper is abundant in food 433 - 48 ' and it; 
availability is not a problem. 4 ” It has been shown that the copper in many natur- 
ally occurring compounds is readily utilized by the body. Very little is bona 
concerning the mechanism or site of absorption. The absorption of copper from lb: 
upper third of the jejunum has been demonstrated. 492 When the copper stores of 
rats are markedly depleted only about 5 per cent of the dietary copper is re- 
tained. -* 88-430 This is more, however, than is retained by iron-deficient rats and isa 
sufficient amount to give rise to maximal hemoglobin formation. 489 

Following the ingestion of radioactive copper by the dog, the element appears 
quickly in the plasma and continues to rise for 2. to 5 hours, after which it falls 
abruptly. 491 - 492 Sachs et al. have obtained similar results following the oral ad- 
ministration of copper sulfate. 493 Thus plasma is concerned with the transportation 
of copper. The plasma copper is bound loosely to protein, principally the albumin 
fraction. About uvo-thirds of it is split off by cold trichloroacetic acidic 1 '«3 
little of it is dialyzable, suggesting that it is in a unionizable fo rm. 3j5 - >' 

i_a hours the radioactive copper can be demonstrated in the bone marrow as \\e 
in the circulating red cells. 489 - 491 - 492 The amount in the red cells continues 
increase for 14 hours. The total activity in the blood represents a J 0Ut J > 
cent of the total activity in the body. The relative retention of «d.o<oppe 
greatest in the kidney and the liver but is present in almost all tlssues _ fi . 

of iron and copper for a short period of time to severely 
in both iron and copper does not lead to an , accumulation 0 PF ^ 

marrow 488 but its presence there has been demonstrated Th JS 
evidence that in animals in which hematopoietic activity is accelera 
of copper by the red cell is somewhat increased/ 94 ^ othcr snim h it 

The copper content of the whole blood of pigs as wei 
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in the range of 100 to 180 micrograms per 100 cc. 488 - 491 " 497 Copper is distributed 
approximately equally between the cells and plasma. In nutritional anemia in 
pigs 497 the copper content of the whole blood falls to levels as low as 7 micrograms 
per cent and that of the plasma to 4 micrograms per cent. The feeding of small 
amounts of copper results in a very rapid rise. Schultze, Elvehjem, and Hart 49 ' 
have suggested that in the pig rapid hematopoiesis cannot take place unless the 
copper content of the blood is maintained above zo micrograms per 100 cc. of whole 
blood. Dogs made anemic by excluding iron and copper from their diet show a 
temporary increase in whole blood copper when iron alone is fed. 498 The adminis- 
tration of copper alone is associated with a rise to normal of the blood copper level 
but the latter falls again in time if the administration is not continued. If then iron 
is given, there is a sharp rise in blood copper. Thus, when an acceleration of hema- 
topoiesis takes place there is a mobilization of copper from the stores to the blood, 
provided such stores are available. This is in accord with the observations that 
following hemorrhage there is an increase in blood copper. 499 ' 500 

The storage of copper in the tissues, especially the liver, has been studied in detail 
by many investigators. The results of this work may be briefly summarized. During 
embryonal development there is a high concentration of copper in the liver. 501 - 302 
This increases until birth, at which time it is higher than any other time in the life 
of the animal. 503 - 501 Since the copper content of milk is low the reserves of this ele- 
ment diminish during the nursing period. 505 If the animals are then continued on 
a milk diet the copper content of the tissues is severely depleted. 488 - 490 The feeding 
of copper results in the restoration of these reserves. 490 - 50J - 506 It seems that in the 
stages when the liver is most actively engaged in hematopoiesis it contains the 
greatest amount of copper. The feeding of a high copper diet to mothers has very 
little effect on the fetal stores. 501 - 507 Restriction of copper in the mother results in 
depletion of the fetal reserves. 

There is very little information available regarding the excretion of copper. 
Using radioactive copper Schultz and Simmons 489 found appreciable amounts in 
the urine. How much of this was due to contamination with the feces they were 
unable to state. Lindow, Peterson, and Steenbock 505 detected copper in the urine 
of rats maintained on stock rations. When this ration was supplemented with 
copper the urinary excretion increased five-fold. However, 98 per cent of the added 
copper was excreted in the feces. Schubert and co-workers 192 using the radioactive 
isotope report that the liver is the chief excretory organ. 

Eden 511 has studied thccxcretion of copper in the rabbit. Following oral adminis- 
tration he found that about o.z per cent was excreted in the urine. When the cop- 
per was placed directly into the stomach approximately 1 per cent appeared in the 
urine. After an intravenous injection the copper content of both the urine and the 
feces rose sharply. Sandberg and Perla 512 splenectomized rats and noted an increased 
elimination of copper in the feces, which commenced two weeks after splenectomy. 
This was associated with a persistent negative nitrogen balance and they concluded 
that the spleen is essential for the utilization of copper. 

a. iU ttabolism of copper w man— The absorption and excretion of copper in man 
has been little studied. Tompsctt 513 noted a daily excretion of 0.63 mg. of copperin 
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a patient receiving o.zi mg . daily. Chon and Adolph 47 * studied the center 1 
lism of 4 normal adults for periods of 1 to 3 days and found that quflfbriai ^ 
reached on a daily intake of about z.o mg. of copper. Ohlsen and EW 1 * f 0 - -i 
that when the intake of copper for 3 young women ranged from 0.96 me. to n< 
mg the excretion exceeded the intake by amounts of from 0.08 too.40 me. Cvrr- 
and Binkley 515 found that the average daily intake of copper of 65 normal v0 '-- 
women on self-chosen diets was z.65 mg. The average daily retention by this'™"- 
was 0.85 mg. As the copper intake increased the percentage retained increased. I- 
general about zo to 35 per cent of ingested copper is retained. It may be conclude] 
from these balance studies that the daily requirement of copper for adults is 10 to 
z.5 mg. This amount is easily obtained from norma] diets. 

In 3 normal preschool age boys Scoular 5 ' 6 has reported that only 15 105s ferret: 
of the ingested copper is excreted by way of the alimentary tract and that thcdiiiv 
urinary copper excretion was fairly constant, averaging 4 per cent of the ingested 
copper. Daniels and Wright 517 in similar subjects found a total excretion of 45 to 
85 per cent. 

Van Ravesteyn 5ls fed 150 mg. of copper sulfate per day for 3 days to adults. Ap- 
proximately 65 to 75 per cent of the copper was recovered from the feces oven 
period of 6 to 9 days. The copper content of the bile was more than doubled but the 
excretion of copper in the urine was not affected. Following the intravenous injec- 
tion of copper the blood level rose to 300 to 400 micrograms per cent and during the 
course of the next z to 4 hours gradually returned to normal. The excretion in the 
bile and urine rose temporarily and the fecal copper increased markedly.This in- 
crease was greater than could be accounted for by the excretion through the bile. 
Rabinowitch 519 has reported that the copper content of normal urine ranges fro" 
traces to 0.7 mg. per zq hours. Tompsett 513 found 0.08 to 0.48 mg. per liter. Chou 
and Adolph 471 obtained an average value of o.zj mg. per day and found that the 
excretion did not vary appreciably with changes in copper intake. 

It has been estimated that the adult body contains between 100 and 150 mg- o, 
copper. 471 During embryonic development copper becomes concentrated in the live- 
and reaches a maximum concentration at term. 4 72 - 520 There is then a sharp dcclic. 
after the second month. 521 The distribution of copper in human tissues has been 
reported in detail. 471 - 52l “ 52S The copper content of the liver has been noted to k 
increased in Mediterranean anemia, 623 - 524 hemochromatosis, 5 - 6 ^ cirrhosis 0 t. 
liver 526 , 52 - acute yellow atrophy of the liver, 528 tuberculosis, 521 and carcinoma. 
524 - 525 Sandberg, Gross, and Holly 524 - 629 have made a study of the copper come . 
of the liver, spleen, and stomach in a large series of cases of severe c tonic * • 
accompanied by secondary anemia and have reported that here 's a g ^ 
of copper in >hc depot organ. In cancer accord ^ p]jl 


crease in copper storage was out of proportion to the anemIa .“ /' C | . hl vhtri.-: 
in several cases in the absence of anemia. The Up 

cases with extensive metastasis. Buchwald and Hudson 
content was high in .he liver and bile, in, armed, are m «*/£*£* 
creas, and low in the rumor tissue and spleen in eases »f ml ^J Iof£opt «b 
There was little agreement in the earlier literature ^ of it5 district- 

the blood. 305 - 433 - 496 There was even less agreement as to 
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tion between the cells and serum. These disagreements were most likely the result 
of poor methods. It is now generally agreed that the range for whole blood copper 
in normal adult males is approximately 90 to 150 micrograms per cent while that 
for normal adult females is approximately 100 to 160 micrograms per cent. 631 53,1 
Sachs, Levine, Hill, and Hughes 532 recently reported an average value of 101 micro- 
grams per cent for whole blood copper in adult males and 107 micrograms per cent 
for adult females. 632 Normal females have been persistently found to have slightly 
higher values than males. 

It is now generally agreed that copper is distributed approximately equally 
between the cells and serum. 436 ’ 531 ’ 632 ' 534-536 Sachs and his co-workers 632 ’ 535 have 
reported serum values for normal males between 70 and 132. micrograms per cent 
and for normal females between 78 and 124 micrograms per cent. Cartwright, 
Jones, and Wintrobe 536 determined the copper content of the serum of Z5 healthy 
adult males and Z5 healthy adult females. The average value for the males was 116 
micrograms per cent. The lowest value obtained was 9Z and the highest 134 micro- 
grams per cent. For the females the averagewas somewhat higher, 131 micrograms 
per cent with values ranging between 103 and 159 micrograms per cent. Nielsen 53 ' 
reports the serum copper for normal males as ico ±1x7 per cent and for normal 
females ±167 per cent. 

Sachs and his group have made studies on whole blood copper as well as iron 
at various ages. 532 ’ 538 ’ 533 At birth there is an increase in iron and a decrease in 
copper. During the first z months of life there is a sharp and pronounced drop in 
iron and a sharp rise in copper. From z months until 1 year of age there is a gradual 
rise in both iron and copper. During the age period of z to iz years the values 
for both iron and copper tend to remain stationary although the values for iron 
arc lower than those found in adults and the values for copper are somewhat 
higher. At the onset of puberty the iron gradually increases until it settles in the 
adult range and the copper decreases until it reaches the normal. Thus from in- 
fancy thoughout life there is an inverse relationship of the copper and iron of 
whole blood. 

Many investigators have reported the presence of increased blood copper during 
pregnancy. 112 ’ 531 ’ 533 ' 534 ’ 540 ’ 6 * 1 In spite of this, blood taken from the umbilical cord 
has a low copper content. 631 In hypochromic microcytic anemia in infants and 
adults the whole blood copper is markedly diminished. 422 - 531 The copper content 
of whole blood has been reported as increased in pernicious anemia, 422 - 531 anemia 
of sepsis, 534 anemia associated with Addison’s disease, 542 sickle cell anemia, Band’s 
disease, malaria, myelogenous leukemia, arsenic poisoning, and carcinoma. 531 
In no case or condition has a hypocuprcmia been reported. 532 

In all of the conditions studied by Sachs and his group there has been an inverse 
relationship between the copper and iron content. As the iron falls the copper 
content tends to rise. Hypcrcuprcmia is the usual response to hypoferremia. This 
has been clearly illustrated in z cascsof polycythemia vera 531 ' 543 treated with phen- 
ylhydrazinc. As anemia developed the iron content of the blood diminished and 
the copper content increased. Then as polycythemia reappeared the iron rose and 
the copper fell to normal. 

It must be pointed out that the above studies were done on whole blood. Since 
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blood iron is present principally in the hemoglobin molecule it would kn 
that whenever anemia is present the total blood iron would diminish. It T'.'. 
necessarily follow that there is a reciprocal relationship between scrum 
copper. Such studies would be most desirable. The iron content of the stc 
known to be elevated in pernicious anemia. Sachs has reported that in tbbce-'- 
turn the whole blood copper is increased. This must mean that the copter cor-- 
of red cells is greatly increased or that there is both a hypercupremia and hm£ 
remia in the serum. Simultaneous studies on cellular iron and copper and strep r • 
as well as copper in a variety of conditions, might uncover important facts ptrticr 
to the metabolism of these two dements and to their relationship to etythroroid 
Elevated serum copper values have been reported in pregnancy 555 - 511 and in id- . 
tions accompanied by anemia. 370 - 515 In both of these conditions there is ib 
serum iron. The serum copper content is subject to diurnal variations but is r: 
affected by menstruation. 544 


5- The function of copper . — The precise manner in which copper is related tort: 
formation of red cells is not understood. It is not a constituent of the hemo|lok 
molecule. 545 Since the administration of copper to anemic rats is followed bra ri-: 
in the erythrocyte count without a rise in hemoglobin it has been postulated the 
copper is essential for stroma formation of the cell or for the release of erythrocra 
from the bone marrow rather than for hemoglobinogenesis. 451 - 5 " Schultz;, 
Elvehjem, and Hart 497 state that it is not possible to assign to copper a specif: 
function for formation of either erythrocytes or hemoglobin, as the two procts-ti 
are interdependent. 

When iron is fed to iron- and copper-deficient animals the total iron conraiu; 
the liver and spleen increases in proportion to the amount of iron fed. 5 , 
Thus in the absence of copper iron is absorbed and stored normally. 545 -”’ If copje 
is then fed to these animals in place of iron, hemoglobin formation takes place i-- 
the iron content of the liver and tissues is reduced to a level of that found insevcr.i; 
anemic animals. 547, 34S From this it has been concluded, and gcnerall) accep— , 
that copper is essential for the mobilization of iron from the tissues and fo. 
conversion into hemoglobin; or, stated in another manner, copper acts as a cu 

lyst” for the transformation of inorganic iron into hemoglobin. 

In 1934 Cohen and Elvehjem 561 reported a marked decrease in the cj toe re--. 
A content of the heart, liver, and brain of rats with nutritional anemia, e < ^ b 
of small amounts of copper restored the cytochrome spectrum, vhile t e 
iron was ineffective. With this lead, Schultze 552 - 553 studied the cytochrome 
activity in the liver, heart, and bone marrow of copper-deficient rats an ^ 

the activity of this enzyme was markedly diminished. Copper therap) > 
immediate increase in cytochrome oxidase activity in the bone marrmv > ^ ^ 
activity was approached within 74 hours. Iron, manganese, an ^ 

rhr m-idner acrivitv. Schultze and Kuiken have shots n ^j. c dly dicb 


activity of the liver, kidney, and blood of copper-deficient rats ' „ noaa! . 

ished. 554 When copper was given the catalase activity rerun 1 p ^ Ica5t th:N 

Thus it has been shown that copper is essential for the a ) 
enzymes. The common denominator between these three enzs 
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protoporphyrin type III no. 9 since it is a constituent of each of these compounds. 
ic interesting question arises, Is copper essential for the formation of protopor- 
lyrin? Schultze 565 attempted to answer this by determining whether or not 
•otoporphyrin is excreted by anemic copper-deficient rats. He was able to isolate 
.•otoporphyrin type III no. 9 from the feces of such animals but unfortunately was 
ot able to rule out the possibility of synthesis by intestinal flora. The question is, 
icrcfore, unanswered. 

A second possibility is that copper is a structural component of cytochrome oxi- 
asc 65 c, 667 aru i catalase . 668 If this should be true the effects of copper on the blood 
ould be due directly to its effect on cytochrome oxidase since it has been shown 
hat a high activity of this enzyme in the bone marrow is intimately associated 
vith hematopoiesis. It is unlikely, however, that these enzymes contain copper as 
structural component . 669 - 660 

A third possibility suggested by Schultze 553 is that the effect of copper on hemato- 
poiesis is dual, first on cytochrome oxidase activity of the bone marrow and second 
in the synthesis of hemoglobin. 

There are numerous other recognized functions of copper. The oxidation of 
trystallinc glutathione is accelerated in the presence of small amounts of copper 651 
and it has been frequently observed that during recovery from hemorrhagic anemia 
the glutathione content of the blood is increased. 562 The catalytic effect of copper 
on the oxidation of cysteine 653 as well as ascorbic acid 664 has been reported. It has 
been stated that the addition of copper to a scorbutic diet prevents the appearance 
of signs of scurvy in guinea pigs and causes their recession when incorporated after 
the appearance of scurvy. 656 - 555 Glycolysis is known to be activated by copper 654 
and accelerated in anemia. What relationship, if any, these functions may have to 
the formation of red cells is now only speculative. 

C. Cobalt. — The role of cobalt in erythropoiesis is unique. A deficiency results 
in anemia. The administration of small amounts to normal animals produces eryth- 
rocytosis, whereas the administration of large amounts depresses erythropoiesis. 

The enzootic occurrence of cobalt deficiency has been reported from several 
regions of the world. The soil and herbage in these areas have been shown to be 
deficient in cobalt. Anemia is present, oftentimes severe, but its morphological 
characteristics have not been carefully studied. The disease caused by a deficiency 
of cobalt is known by various names in different parts of the world. 

Enzootic marasmus is a disease of cattle and sheep occurring in a localized area of 
about 5000 acres in the Denmark district near the southeastern coast of Western 
Australia. 557 Clinically the disease is characterized by progressive emaciation, 
weakness, a rough coat, and pallor of the mucous membranes. The animals develop 
a craving for harsh fibrous brush and in the late stages anorexia is pronounced. 
Diarrhea is often seen in young calves. In cows lactation is diminished, oestrum 
rarely occurs, and breeding is seldom successful. Abortions are common. Death 
occurs in from 6 weeks to 1 years after symptoms are first noticed, the shorter dura- 
tion being usually observed in the young animals. Pathologically the most signifi- 
cant finding is hemosiderosis of the spleen, liver, and kidneys. 555 Fatty infiltrations 
in the liver arc frequently seen. Blood studies reveal a marked anemia which in 
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normocytic hypochromic and in calves is either normoevnV nr r i, 
Jwcrocytic and hypochromic. The reticulocytes arc reduced, AnisXu ! , ' 1 ” '? 
t.Iocycoce arc common. There is a hypoplasia of emhroeenic mirl'rP 
marrow. A megaloblastic or erythroblastic bone marrow has not been rqy,rj 

Ifcll T k ° f JBCre f ed Wood destrucd °n- The administration off, mr 
of cobalt daily to sheep or a dose of 0.3 to i.o mg. daily to cattle is capable of boih 

preventmg and curing the disease.***.™ Animals so treated havebeeS maintained 
, good health for periods up to n. months while still grazing on affected land. The 
administration of copper has no beneficial effect although the copper stores arc often 
low/ Low blood copper values have not been found. Following the administra- 
tion of cobalt the hemoglobin rises initially and then falls sharply. After this the 
blood returns gradually to normal. It has been suggested chat the temporary fall 
in hemoglobin is due to the fact that the iron stores, even though excessive, arc 
rapidly used and finally depleted and that the hematopoietic system is temporarily 
unable to support the strain placed on it by excessive growth. The hemosiderosis 
has been observed to disappear during cobalt therapy. Reticulocytosis following 
therapy has not been observed. Traces of nickel have been found to increase the 
action of suboptimal doses of cobalt. Liver cures as well as prevents the disease and 
its action is not thought to be due to its cobalt content since this is low. It has been 
suggested that the potency of liver may be due to the presence of a stored factor and 
that cobalt may function through the production of this factor in the body. 

A disease similar to enzootic marasmus has been observed in sheep grazing in 
certain coastal regions in Southern Australia. 5 r:! '' 574 This has been termed "coast 
disease” and is characterized clinically by listlessness, lethargy, anorexia, weak- 
ness, pallor, and finally death. Wool growth is affected and the fleece is dull. 
Edema is oftentimes present. At autopsy marked hemosiderosis of the pancreas and 
liver and to a lesser extent che spleen is observed. The total blood volume appears 
to be reduced although determinations have not been made. A severe anemia is 
present. It is stated that the anemia is microcytic and normochromic. Blood smears 
show anisocytosis, some polychromatophilia, and an occasional nucleated red 
blood cell. Treatment with copper is ineffective. Treatment with cobalt alone per- 
mits growth but fails to restore the hemoglobin entirely to normal. Treatment wit 
both copper and cobalt prevents the disease and once the disease is manifest restores 
the animals rapidly to normal. The average hemoglobin content m volumes per 
of oxygen of untreated animals was z.4, in copper-treated animals +7, m m 


cent 


,„I. treated with cobalt 9.9, and in animals treated with copper and cobs ■ ‘K 
In an additional group of animals tteated svith iron, nickel, 
in addition to copper and cobalt the final hemoglobin value w* rehes « » » 
group treated with only cobalt and copper. Copper a" 1 )™ h 

L. of .be tissue was reduced although there was no »S»*» “e * 
normal in the amount of copper «■ tbe blood . It sjonld h , 

is due in most cases ,0 a defic.ency of both cobalt and copp«ta. 
uncomplicated cobalt deficiency u sheep ,n ion, hern 

McDonald.™ Hematological examination m these : „. h cn monboJ 

variability in the degree of anem.a present. Some animal, ere. 
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showed almost normal blood hemoglobin levels, whereas in others the hemoglobin 
was extremely low. The anemia was normocytic and blood smears showed only 
slight poikilocytosis. General observations at postmortem suggested that one of 
the most striking features of the anemia was a gross reduction in blood volume, 
but no direct measurements were made. 

A disease of sheep similar to ‘ "enzootic marasmus’ ’ and ‘ ‘coast disease’ ’ known as 
"bush sickness” or "Morton Mains disease” has been reported from New Zea- 
land. 676-582 This condition likewise responds to cobalt therapy. Anemia exists but 
has not been studied. A similar condition has been reported as occurring in sheep 
in Canada. 583 - 584 A disease of sheep known as "pine disease,” "pining,” "border 
pine,” "Cheviot pine,” or "Northumbrian pine” occurring in Scotland, character- 
ized by emaciation, lethargy, retardation of growth, unthrifliness, anemia, and a 
fatal termination, has been reported. 585 ' 586 The effect of cobalt on this condition ds 
in dispute. 587-590 

Cobalt deficiency in cattle has been reported as occurring in certain regions of the 
United States. Geyer, Rupel, and Hart 591 have reported a condition in cattle in the 
northeastern region of Wisconsin characterized by unthriftiness and anemia, which 
responds to 3 mg. of cobalt per animal per day. A condition known as "Grand 
Traverse disease” or “Lake Shore disease” and characterized by unthriftiness, 
anorexia, depraved appetite, emaciation, anemia, and finally death has been ob- 
served in Michigan. 592 Following the administration of cobalt the animals exhibit 
a spectacular return of appetite and a progressive improvement in their condition. 
The hemoglobin shows an initial decrease of from xo to 2.0 per cent and is then 
followed by a gradual return to normal. A disease in Florida cattle known as "hill 
sick” or "salt sick” has been reported by Neal and Ahmann. 593 The affected animals 
showed a rough coat, scaliness of the skin, listlessness, retarded sexual character- 
istics, anorexia, emaciation, and muscular atrophy. Anemia, microcytic and hypo- 
chromic in type, accompanied by a reduction in reticulocytes, anisocytosis, poi- 
kilocytosis, and a lymphocytosis, was observed. Pathologically myocardial 
degeneration, a decrease in splenic pulp, liver degeneration, and hemosiderosis of 
the liver and spleen were found. The condition was found to be aggravated by iron 
and copper but responded rapidly to cobalt therapy. 

An experimental anemia due to cobalt deficiency has not been produced in rats 
and dogs. Underwood and Elvehjem 594 were unable to demonstrate a cobalt defi- 
ciency in rats on a milk diet. Frost, Elvehjem, and Hart 595 have reported that in 
most dogs the addition of iron and copper to milk results in normal hemoglobin 
building. Small amounts of cobalt in addition to iron and copper therapy stimulated 
hematopoiesis in certain dogs in which the rate of blood formation appeared un- 
usually slow. In a later paper from the same laboratory rapid increases in hemoglo- 
bin, volume of packed red cells and red cell counts to normal values were noted in 
all animals when iron and copper together were fed to dogs maintained on milk 
and rendered anemic by bleeding. 450 

Studies in man arc too fewtowarrant conclusions. 59 ^ 599 In general, asonewould 
expect, cobalt has not been found to be of value in the treatment of anemias. 
W hether or not there is a human requirement for cobalt cannot be stated. It may be 
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cobalt. 6 ' 10 * r— «y contain small amounts of 

60Y T ^ 0 e 9 admmistration of small amounts of cobalt to normal rats 596.6oi- 60E . 

“ “ f ““ frogs,™ mice,-., rabbits,'.'- «-... ^ 

ducks produces a deSoirc and marked polycythemia svhich is ac„mp,i'ej £ 
culocytosis, hyperplasia of the bone marrow and an increased cmhrotoitii; 
acvty of the spleen and liver. Following the subcutaneous injection „l *1 
into rabbits there ts a marked ret, culocytosis, normoblasts appear in the citcuh™, 
blood, there ,s amsocytosis and polychromasia of the ted cells, an eosinophiliasni 
transient lymphocytosis. 612 The polycythemia is a true one and is not due to i 
decreased blood volume. 615 The mechanism by which cobalt produces such i 
polycythemia is not understood. 616 The respiratory activity of the bone marrow is 
not impaired. 616 Furthermore, such a polycythemia increased work performance 
under conditions of reduced oxygen tension. 617 Cobalt does not produce polycythe- 
mia in splenectomized rats 60- or when the diet is deficient in iron or in copper. 1 ' 1 
However, cobalt produces a polycythemia in low-protein rats at approximately the 
same rate and to about the same degree as in normal rats. 615 Ascorbic acid, e!1 man- 
ganese, 619 concentrated liver extract, 601 ventriculin, 601 whole beef, 60S and whole 
liver 603 have all been reported to counteract the effects of cobalt. Frost, Spitzcr, 
Elvehjem, and Hart 620 observed an inhibition of the normal hematopoietic response 
to iron and copper feedings in dogs made anemic by hemorrhage and fed cohalt 
prior to the addition of iron and copper. Hematopoietic activity was resumed on 
the feeding of whole dry liver or liver extract. It is of interest that large doses of 
cobalt depress erythropoiesis. 50S ’ 614 ’ 620 

Studies on the metabolism of cobalt in rats have been made by Greenberg and his 
group using the radioactive isotope. 124 ’ 621 Within 71 hours following the injection 
of 0.1 mg. of the isotope 3.5 per cent was excreted in the bile, approximately 65 per 
cent in the urine, and 5 per cent in the feces. Two and one-half per cent was demon- 
strable in the liver. During the same interval of time following the oral administra- 
tion of a similar dose 2. per cent was excreted in the bile, zo per cent in the urine, 
and 40 per cent in the feces. Three and one-half per cent was demonstrable in the 
liver. Small amounts were also found in other organs including the bone marrow. 
After 4 days 95 per cent of the radio-cobalt given by either route had been excrete ■ 
These results are in accord with the work of others in animals 622 ’ 644 and are in 
sharp contrast to iron since only z to 8 per cent of this element when gben paren 
terally is excreted in a comparable period. Evidently the body retains very n - 
cobalt and the requirement must be extremely small. The bodies of rats on a nor 
diet contain only about 5 micrograms of cobalt. 6 - 4 or3 |j r 

In human beings Penati and Ruata 625 found that when coWtg ^ ^ ^ 
only 3.5 ^ cent appeared in the urine in 14 hours. Lc „ ^ ccnt of rhl salt in 
cobalt chloride intramuscularly into a man and recovers F ntraven0B( 

the urine within the next iS hours. Kent and t , f ek 

injection of cobalt into a man found that 22. per » ' ■ conc !uJ:< 

Seventy-four per cent of this amount was excreted by the kidney 
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that in man once cobalt reached the tissues, the process of elimination was very 
slow. 


v. DISCUSSION 

It is the ultimate goal of one of the phases of research in hematology to write the 
precise chemical reactions, step by step, for the formation of the red cell. It would 
be desirable in this review to follow the description of the factors concerned in 
crythropoiesis by a complete discussion of their interrelationships and of the 
manner in which they are concerned with erythrogenesis. Unfortunately, with the 
knowledge now available this is not possible with any degree of completeness or 
accuracy. 

The factors concerned in erythropoiesis might be classified in several ways. In 
this review a classification based on the chemical nature of the substances has been 
used. Another classification might be as follows: 

I. Formation of the red cell stroma 

A. Substances used for the construction of the stroma 
D. Substances essential for the formation of the stroma but which are not 
included in the stroma 

II. Formation of the hemoglobin molecule 

A. Substances used in the construction of hemoglobin 

B. Substances essential for the construction of hemoglobin but which are 

not included in the molecule 

The factors known to be used for the construction of red cells are presented 
schematically in figure z. 

The dried substance of the stroma is composed of protein (40 to 60 per cent), 
lipids (10 to it per cent), 628 inorganic salts, and enzymes. The amino acids include 
arginine, lysine, histidine, tyrosine, tryptophan, cystine, and methionine. The 
lipid fraction 029 is chiefly in the form of phospholipids (cephalin, sphingomyelin, 
lecithin) (58 to 72. per cent) but in addition there are free cholesterol and choles- 
terol esters as well as neutral fat. Adenine-ribose-nucleotide, 21 glyoxalase, 630 and 
certainly other enzymes arc present. The various mineral elements present include 
sodium, potassium, magnesium, phosphorus, copper, and probably calcium as well 
as others. 

Although copper is a constituent of the stroma its function is not known. It has 
been suggested that copper is essential for the mobilization of iron from the tissues 
and for its conversion into hemoglobin. It is true that when copper is administered 
to a coppcr-dcficicnt animal iron is mobilized. This would be true, however, simply 
because erythrogenesis proceeds. A direct relation between iron and copper metabo- 
lism need not be implied. 

The constituents of hemoglobin arc heme and globin. Heme consists of the union 
of iron and protoporphyrin. The protoporphyrin is attached to the globin molecule 
through the two carboxyl (propionyl) groups. Very little is known concerning the 
precursors of protoporphyrin. As far as is known the animal does not depend upon 
a dietary supply of pyrrole or its derivatives. It is generally assumed, although 
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Table 13,— Summary of lire Jlemalolotic It anifestations of the Various Deficiency Syndromes 


Substance 

Species 

Type of Anemia 

Bone Marrow 

<y 

c. 

o 

V 

6 

£ " 

o 

c 

"5 

U ‘a i 

C 

V w 
& 

Scrum Iron 

© 

‘tr. 

O 

g.g 

v 1/1 

Neurological 

1 Lesions 

Riboflavin 

Rat, dog, pig, 
monkey 

Normocytic 


dz 

0 

N 



Nicotinic acid 

Dog 

Normocytic or 
macrocytic 
Normochromic 

Hypoplastic 

0 


0 

l 

4- 

0 

4* 

Pyridoxine 

Chick, rat, dog, 
pi 8 

Microcytic, hypo- 
chromic 

Hypoplastic 

0 

0 

+ 

H 

+ 

Lactobacillus 
casei (actor 

Rat 

Normocytic, (?) 
normochromic 

Variable 

+ 

+ 




0 

4- 

Lactobacillus 
casei factor 

Man (pernicious 
anemia) 

Macrocytic, normo- 
chromic 

Megaloblastic 

+ 

4- 

+ 

II 

4* 

Vitamin B c 

Chick 

Macrocytic, hypo- 
chromic 

Variable 


+ 

+ 




0 

Vitamin M 

Monkey 

Normocytic 


1 + 

+ 




0 

Extrinsic factor 

Man 

Macrocytic, normo- 
chromic 





N,L 


0 

Pantothenic acid 

Pig, (?) rat 

Normocytic, normo- 
chromic 


0 

0 


N 

0 

+ 

Tryptophan 

Rat, pig 

Normocytic, normo- 
chromic 

Normoplastic 
or hypo- 
plastic 

-u 

0 

0 

N 

0 

0 

Lysine 

Rat 

(?) Macrocytic 

HUS 

■ 

m 

■ 

■ 

0 

0 

Phenylalanine 

Rat 



■ 

m 

■ 

i 

0 

0 

Holcucinc 

Rat 



m 

m 

■ 

■ 

0 

0 

Iron 

Many species in- 
cluding man 

Microcytic, hypo- 
chromic 

Hyperplastic 

Normoblastic 

0 

0 

+ 

L 

0 

0 

Copper 

Chicken, sheep, 
cattle, rabbit, 
rat, dog, pig, 
mice, (?) man 

Microcytic, hypo- 
chromic 


0 

0 

+ 


+ 

+ 

Cobalt 

Cattle, sheep 

Normocytic or 
microcytic 

1 Usually hypo- 
chromic 

Hypoplastic 

0 

0 

0 


+ 

0 


4*. present; 0, ab<cnt; X, normal; H, high; L, low. 


there is not a great amount of evidence, that protoporphyrin is an intermediate in 
the synthesis of hemoglobin and that substituted pyrroles are intermediates in the 
synthesis of protoporphyrin. It was through these intermediates that it was pos- 
sible for Fischer' to synthesize heme in vitro. That such steps take place in vivo is 
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only speculation. It is true that protoporphyrin is normally present in errthro'rt- 

and especially in young red cells and is present in relatively large amounts mV' 
developing chick embryo. } g ountsmth; 

Recently, the identities of two precursors of protoporphyrin, a derivative o' 
acetic acid and glycine have been established »t. eat s ince condensations involving 
acetoacetic esters and ammonia are known to yield pyrroles i„ vitro (Knorr svnthr" 
sis) - and since Fischer and Fink‘d have found that pyrroles are formed bvconkm 
ing formylacetone with glycine the new in vivo findings are exceedingly interest^ 
Thus the precursors of protoporphyrin may be very simple substances and this wit 
help to explain the ease with which the body can synthesize protoporphyrin, vh'v 
the body can afford to discard rhe bile pigments rather than conserve them, anj 
why anemia due to a failure to synthesize protoporphyrin is difficult to produce. 
The possibility must be kept in mind, however, that the hemoglobin molecule 
may be constructed around the iron and thac true porphyrins and pyrroles arc not 
present at any time during the synthesis except in small quantities produced in 1 
side reaction. It has been suggested that the pyrrole rings of tryptophan, proline, 
and hydroxyproline might be utilized in the synthesis of protoporphyrin (figure:). 
Direct evidence for this is completely lacking. 

Globin is undoubtedly formed from various combinations of amino acids. Yen' 
little is known of the steps of this synthesis, of the nacure of the intermediate com- 
pounds, or of the site or sites at which the synthesis takes place in the body. It is 
interesting, and may or may not be significant, that extensive bleeding in horses 
lowers the apoferritin content of the spleen. This suggests that this substance nuy 
be utilized directly for hemoglobin synthesis. It is even possible, although there is 
no evidence at present to demonstrate it, that ferritin as such may be utilized in 
hemoglobin synthesis. 

The hematological manifestations of the various known deficiency syndromes are 
summarized in table 13 . These syndromes have been inadequately studied. In each 
of the experimental anemias it would be desirable to have data, for example, con- 
cerning the erythrocyte protoporphyrin, porphyrin excretion, serum copper, serum 
cobalt, various bone marrow enzymes, and so forth. As such information is 0 
tained it may be expected that the relationships between the various factors w 
be elucidated. 


VI, SUMMARY 

Riboflavin is essential for normal erythropoiesis in rats, dogs, pigs, 

There is no evidence that this vitamin is required for normal erythrop 

The anemia in swine is normocytic. . , Thetvrcri 

Nicotinic acid deficiency it accompanied by a Severn 
anemia produced is normochromic and may be either m , jnatatt ,ta it; 

associated with a mild teticu ocytosis. hinuted otoemoons . 


is >■* — - . . . 0, the ervthr°fik Jt! - 

bone marrow is hypoplastic and that erychropoies.sstop 

level. An anemia due to a deficiency of this vitamin has not 

other species nor in man. ... , • 1., rais dogs, ami pp- 

Pyridoxine is essential for normal etythropotesis in ch.cks, tats, 
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The anemia is microcytic and slightly hypochromic in type. Anisocytosis, micro- 
cytosis, polychromatophilia, and normoblasts can be seen in the blood smear. 
An irregular reticulocytosis is present. The bone marrow is hyperplastic and there 
is an increase in the nucleated red blood cells. The anemia is accompanied by 
hemosiderosis of the tissues, an elevated serum iron level, and degeneration in the 
nervous system. There is no evidence of an increased rate of hemolysis. No relation- 
ship between pyridoxine and erythropoiesis has been demonstrated in man. 

The "Lactobacillus casei group” includes the norite eluate factor, the L. casei 
factor from liver, folic acid, the Streptococcus lactis R factor of Keresztesy et al., the 
yeast factor of Stokstad, the factor of Hutchings et al., vitamin M n , xanthopterin, 
vitamin B c , vitamin B c conjugate, vitamins B 10 and B n , and pyracin. 

The L. casei factor from liver has been identified as pteroylglutamic acid. The 
available evidence indicates that the norite eluate factor, folic acid, vitamin M, 
vitamin B c , vitamin B 10 , and vitamin B„ are identical with pteroylglutamic acid. 
The Streptococcus lactis R factor of Keresztesy et al. may be pteroic acid. The yeast 
factor of Stokstad is unidentified. The fermentation factor of Hutchings et al. has 
been identified as pteroyltriglutamic acid. Vitamin B c conjugate is now known to 
be pteroylheptaglutamic acid. Thus the various members of this group are closely 
related chemically and represent minor alterations of a basic structure. The corre- 
sponding deficiency syndromes are probably identical. In the rat the deficiency is 
manifested by severe normocytic anemia, severe granulocytopenia, leukopenia, 
and thrombocytopenia. Nucleated red cells appear in the peripheral blood. Bone 
marrow studies suggest a maturation arrest in the early stage of development of all 
three of the cellular elements of the blood. The manifestations of the deficiency in 
the chick arc macrocytic anemia, leukopenia, and thrombocytopenia. Again im- 
mature red cells are present in the peripheral blood. In the monkey the manifesta- 
tions of the deficiency are normocytic anemia, leukopenia, and thrombocytopenia. 
In human beings the synthetic L. casei factor from liver (pteroylglutamic acid) has 
been shown to bc effective in the treatment of various types of macrocytic anemia 
including pernicious anemia and sprue. The relation of this substance to the anti- 
pernicious anemia substance in liver remains to be determined. 

The extrinsic factor of Castle is still unidentified. It now seems reasonable that 
it is related in some way to pteroylglutamic acid. It is unlikely that it is identical 
since the synthetic L. casei factor is effective even in the absence of normal gastric 
)uicc. A deficiency of the extrinsic factor in man results in an anemia which is 
identical with pernicious anemia and the bone marrow is cytologically indistin- 
guishable. An accompanying neutropenia and thrombocytopenia are also fre- 
quently seen. The anemia responds rapidly to the parenteral administration of 
highly purified antipernicious anemia liver extracts and to pteroylglutamic (folic) 
acid. Achlorhydria is generally not present. Macrocytic anemia of nutritional origin 
occurring in the tropics varies from this anemia in one important aspect. It fails to 
respond to highly purified liver extracts. This strongly suggests that the factor 
responsible for the deficiency is distinct from that of the extrinsic factor of Castle. 
A deficiency of this factor has been produced in monkeys and the deficiency syn- 
drome consists of a macrocytic anemia with a megaloblastic bone marrow. The 
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anemia fails to respond to highly purified liver extracts which are effective „ t 
treatment of permaous anemia but does respond to crude liv c ™ 

martntte, an autolyzed yeast extract. The relation between this factor anVf ? 
casa factor has not been investigated. J th; 1 

The role of ascorbic acid in erythropoiesis is not clear. Although the scoff 

state in both guinea pigs and human beings is frequently accompanied ££ 

1 -J q ri° n fr vhether the ancm!a 1S due s F«'fically to a deficiency of ascoff- 
acid. Much of the animal experimentation is inconclusive because pure ascoffr 
acid supplements were not used. Further work in animals is needed. In man ii hi 
been both asserted and denied chat synthetic ascorbic acid is effective in relievin', 
the anemia. It would seem, however, that there are some scorbutic patients wb 
respond specifically to pure ascorbic acid. The anemia accompanying scurvy his 
been reported as macrocytic, normocytic, and microcytic. An induced, uncompli- 
cated ascorbic acid deficiency in a human being did not result in anemia. 

Pantothenic acid deficiency results in a normocytic anemia of moderate degree in 
pigs in about two-thirds of the animals. There is evidence which suggests that a 
deficiency of this vitamin in rats may result in anemia, granulocytopenia, an! ke: 
marrow hypoplasia. Not all animals show these changes and pantothenic acid, 
although completely preventive, does not exert a curative action in all animals. 
There seems to be a relation between pantothenic acid deficiency and a deficiency 
of the L. casci factor in the rat. 

Choline deficiency in dogs results in a severe anemia. In many animals this chic:: 
is irreversible. This may be explained by the irreversible liver damage which is 
present. 

Biotin is necessary for the production of hemoglobin values greater than ii 
grams per cent in dogs maintained on a highly purified ration. There is no evidence 
that biotin has an effect on erythropoiesis in other species. 

In addition to the factors described above it has been shown that monkeys- 
pigeons, and guinea pigs require at least one more additional factor for nones- 
erythropoiesis. 

There is no evidence that thiamine, p-aminobenzoic acid, and inositol arc to:.- 

cerned in erythropoiesis in any species. . 

Considering the relative size of the globin fraction of the hemoglobin noWt- 
it is understandable that a deficiency of protein results in anemia. 15 15 
demonstrated in rats and dogs. It has been pointed out that because o a ® 
reduction in the total blood volume only when the total circu at mg c c 
is determined and adjusted to a unit of surface can the true seventy c ■ 

be appreciated. Equine globin contains all ten of the essent ' a * n s0 extensively 
at least nine •‘nonessential” amino acids. Human globm as n „ 
studied. It would be expected that a deficiency of : any xme of th^ ^ 
acids would give rise to anemia. Actually, speci ^ ^ Jfld acrC h 

lysine, phenylalanine, and isoleucine have been pre > rf chcsc ac: ciis 

developed in each instance. The morphological pban deficiency « 

have not been carefully investigated. The hroffli ' P Ao P anemia ptob*.; 

the rat has been stated to be normocytic and nor 
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due to a lack of tryptophan has been produced in pigs. This anemia is normocytic, 
normochromic, and accompanied by a hypoplastic or normoplastic bone marrow 
and a normal level of iron in the serum. No increase of hemosiderin in the tissues 
has been noted. Whether the anemia produced in rats by feeding deaminized casein 
is due to a toxic substance rather than a deficiency of lysine is unsettled although 
large amounts of lysine prevent its development. Evidence that glycine is utilized 
in the synthesis of the pyrrole rings of protoporphyrin has been obtained by label- 
ing this amino acid with N ' 5 and feeding the labeled compound to rats. Pyrroles 
have also been synthesized in vitro from glycine. Similar evidence is available to 
indicate that acetic acid, or a derivative of it, is utilized for porphyrin synthesis. 

Three mineral elements, iron, copper, and cobalt, have been shown to be essential 
for normal erythropoiesis in at least one species each. Iron is probably required for 
erythropoiesis in all mammals. A deficiency results, at least in the chronic stages, 
in a microcytic hypochromic anemia and is accompanied by a normoblastic, hyper- 
plastic bone marrow and a low serum iron level, an increased amount of protopor- 
phyrin in the erythrocytes, and an elevated serum copper level. Nucleated red blood 
cells are occasionally seen in the peripheral blood and the reticulocytes are in- 
creased. 

The fundamental concepts of iron metabolism have changed greatly in recent 
years. These may be summarized. Iron is absorbed chiefly in the duodenum. In man 
it is absorbed principally as ferrous iron. Dogs absorb both valence forms well 
although some animals absorb the ferrous form more readily than the ferric form. 
Rats absorb both forms equally well. The absorption of iron is also dependent upon 
the concentration of the iron in the intestine, upon the solubility of the iron salt, 
and in the human being at least upon the presence of reducing substances in the diet 
as well as the reducing action of the gastric hydrochloric acid. In addition to these 
factors the need of the body for iron may determine, to a certain degree, the amount 
absorbed. This is known as the "selective absorption" theory. Recently it has been 
suggested that apoferritin acts as a receptor compound in the mucosal cell. As the 
concentration of the plasma iron falls, ferrous iron is removed from the mucosal cell 
resulting in a diminution of ferritin in the mucosa. When the ferritin has diminished 
to a point where the cell is no longer saturated with respect to ferrous iron, more 
iron is absorbed into the mucosal cell. Once absorbed the iron is transported in the 
plasma to the tissues where it is stored to a great extent as ferritin, a protein-iron 
complex. The iron is then used over and over again for hemoglobin synthesis. Iron 
is excreted from the body in only insignificant quantities. This theory requires 
substantiation. 

Copper has been shown to be essential for normal erythropoiesis in chickens, 
mice, rats, rabbits, dogs, pigs, sheep, cattle, and infants. A deficiency of this min- 
eral in rats is manifested by a microcytic hypochromic anemia and a moderate 
rcticulocytosis. A condition due to a deficiency of copper, known as "enzootic 
ataxia," occurs in sheep in Western Australia. Anemia may be severe. In young 
lambs it is microcytic and hypochromic and is accompanied by demyelinization of 
the nervous system and hemosiderosis of the tissues. In adult sheep the anemia is 
slightly macrocytic and hypochromic. Blood smears reveal anisocytosis, poiki- 
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locytosis, Howell-Jolly bodies, normoblasts, numerous macrorvr« ■ v 
polychromatophilia. Similar blood changes have been reported i„ cSS’S 
cattle in Western Australia. In nutritional anemia in infants the rate o/emh -^T 
sis is accelerated when copper is given in addition to iron. In adults suppli-J 
copper therapy may be of value in a few cases. Such cases, if thev occur are Z- 
Most cases will respond if adequate doses of iron are given. This does not nccessriV 
indicate that copper is not needed for erythropoiesis or that it is not a dietary tw-. 
Ual but rather that the quantities needed are so small that sufficient coprer’is r-1 
ent in the body stores in adult life, in the diet, or as a contaminant in the iron used 
therapeutically to supply the needs. No case of uncomplicated copper deficiency his 
been reported in man. The manner in which copper is related to the formation ofrri 
cells is not understood. 

The role of cobalt in erythropoiesis is unique. A deficiency results in anemia. It: 
administration of small amounts to normal animals produces a polycythemia, 
whereas the administration of large amounts depresses erythropoiesis. The enzooti; 
occurrence of cobalt deficiency in sheep and cattle has been reported from virion 
regions of the world. Anemia is present and is oftentimes severe. The ancmii ii 
either normocytic or microcytic and usually hypochromic. Blood smears reveal 
anisocytosis and poikilocytosis. There is a hypoplasia of erythrogenic tissue in tb 
bone marrow, hemosiderosis of the tissues and a reduction in reticulocytes in the 
blood. An experimental anemia due to cobalt deficiency has not been produced i,: 
either rats or dogs. There is no substantial or convincing evidence that cobalt is 
needed by human beings for normal erythropoiesis. The administration of small 
amounts of cobalt to normal rats, dogs, guinea pigs, frogs, mice, rabbits, chickens, 
pigs, and ducks produces a marked polycythemia which is accompanied by s 
reticulocytosis, hyperplasia of the bone marrow, and an increased erythropoietic 
activity in the spleen and liver. Larger doses of cobalt inhibit erythropoiesis. The 
metabolism of cobalt is unlike that of iron. The excretion of cobalt from the hod; 
once it is absorbed is exceedingly rapid and is principally through the kidneys 

In conclusion, certain vitamins, namely, riboflavin, nicotinic acid, pyridosi-. 
“folic acid,” and the extrinsic factor, have been shown to be essentia! for no.TJ 
erythropoiesis in at least one species each. It has been claimed thac ascorbic an-- 
pantothenic acid, choline, and biotin play a role in erythropoiesis bur these data 
need substantiation. There is no substantial evidence that thiamine or mosuo ‘ 
concerned in red cell formation. The significance of f^aminobenzoic acid 1 has \c ^ 
be determined. Protein is essential for normal red blood cell formation, t 
fraction of the hemoglobin molecule contains all ten of the essenim . cr . 
as well as many of the “nonessential” ones. The stroma of the ^ ^ 
amino acids. It is logical, therefore, to assume that in the abse 


tains ; 


jwuviw, — — . 

of the so-called essential amino adds hemoglobin formation ^ 

normally. Actually specific deficiencies of tryptophan l)sme, pf 
isoleucine have been produced in the rat and anemia hade ^ it _ jr: 

There is evidence to show that glycme and aceti , nkmn 

utilized in the synthesis of the pyrrole rings of proropoyh nn- 1 
elements, iron, copper, and cobalt, have been shown to be essential 

erythropoiesis. 
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EDITORIAL 

The Mammalian Red Corpuscle 

O NE of the most highly specialized structures in the mammalian organism is 
the red corpuscle. Its functional activity is carried on after the nucleus has 
been lost and its efficiency is so high that it consumes almost none of the gas which 
it transports. 

This unique structure is peculiarly susceptible to study, since maturing cells 
maybe observed in material aspirated from the bone marrow and the fully devel- 
oped corpuscles are readily obtainable in any quantity. Approximately nine 
tenths of the red corpuscle (dry weight) is made up of hemoglobin and the re- 
mainder is stroma. The latter is composed of proteins and lipids, whereas 
hemoglobin represents a combination of protoporphyrin with iron and globin. 
Morphological studies have indicated how the red corpuscle develops from a 
nucleated stage. By the use of simple staining methods the formation of hemo- 
globin within the red cell can be observed. As compared with other proteins, hemo- 
globin is one of the most easily purified proteins, and consequently it has been the 
subject of extensive study. 

Such promising advantages from the standpoint of research represent a challenge 
to the investigator. It is of significance, therefore, that as yet the chemical steps 
in the formation of hemoglobin and of stroma are quite obscure. Investigation, 
especially in recent years, has afforded some insight into iron metabolism, although 
many questions remain to be solved. More needs to be learned about the factors 
which influence and control the absorption of iron, the manner in which 
it is held in the tissues and the circumstances under which it is released and uti- 
lized. The globin of the hemoglobin molecule, it is assumed, is derived from the 
metabolic pool of protein. With the aid of heavy isotopes it has been shown that 
glycine and acetic acid are precursors of protoporphyrin. The steps in its synthesis 
and the nature of other precursors need to be elucidated. 

As to the manner in which the union of iron, protoporphyrin, and globin is 
brought about, little indeed is known. It seems that copper plays some part, but 
its mode and site of action are obscure. Little more is known about cobalt than 
the fact that in its absence anemia can develop and that in certain species its 
administration leads to polycythemia. With the isolation of various components 
of the B complex it has been possible to learn that certain dietary essentials are 
necessary for normal erythropoiesis. It is quite clear that, in certain species at 
least, the lack of pyridoxine leads to a profound metabolic disturbance which is 
accompanied by anemia, an alteration in iron metabolism and a fault in the hand- 
ling of tryptophan. There is evidence, also, that riboflavin and niacin are con- 
cerned in hematopoiesis. The discovery of the effectiveness of pteroylglutamic add 
("folic acid") in relieving the macrocytic anemia associated with pernicious 
anemia and sprue, led to the expectation that the nature of the extrinsic factor 
and the antipernicious anemia principle would be discovered momentarily. In- 
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stead we have learned about conjugates, conjugascs, and inhibitors, with ■ 
result that there is, at the moment, more confusion than light. It is to h; h p. : 
that this represents the storm before the calm and that in the near future a (.!•;■ 
picture of one or more of the steps entailed in the synthesis of hemoglobin will re- 
developed. 


Maxwell M. Wixtrom-, M.D. 



NEWS AND VIEWS 


The following letter has been received from Dr. S. J. Thannhauser of Boston. 


To the Editor: 

Dear Sir: 

S. Estren, M.D., John F. Suess, M.D., and William Damcshek, M.D., published under the title, 
"Congenital Hypoplastic Anemia Associated with Multiple Developmental Delects (Fanconi Syn- 
drome),” a case report of a girl with hypoplastic anemia in association with other congenital defects. 
G. Fanconi reported for the first time, in 1917, "Familial Hypoplastic Anemia.” Since then several 
authors, as quoted by S. Estren, et al., referred to this syndrome as "Fanconi Syndrome.” G. Fanconi 
also described in several papers 1 an entirely different syndrome comprising tubular kidney dysfunction, 
hypophosphatemia, renal glycosuria, rickets and disturbed metabolism of amino acids. Sturzenegger 2 
as well as McCunc 3 and co-workers, and recently Fuller Albright 1 referred to this remarkable syndrome 
as "Fanconi Syndrome.” 

In attaching the name of Fanconi to two entirely different syndromes first described by this author, 
there is apt to be confusion. I would suggesc to the authors who study the etiology of these different 
syndromes to designate the syndrome in a different way but certainly without curtailing the authorship 
of G. Fanconi. 

Yours very- sincerely, 

* S. J. Thannhauser, M.D. 


Dr. S. Estren, 1489 East 8th Street, Brooklyn, New York, replies as follows: 


Dear Doctor Thannhauser: 

At the time the paper in question was in preparation it was known that Dr. Fanconi had described at 
least two and possibly three separate syndromes to which his name has since become attached. One of 
these was the congenital hypoplastic anemia syndrome; another, that of "renal rickets." I have been 
unable to find others, although I believe that there is at least one other in the literature. Certainly the 
indiscriminate use of the eponym Fanconi for entirely unrelated disorders is potentially- confusing, 
although in actual practice the very knowledge of the existence of two separate disorders probably has 

1 Fanconi, G.: (a) Die nicht diabetischen Glykosurien und Hyperglykamien des alteren Kindes. Jahrb. 

{. Kindcrh., jjj: a.57, 1331; (b) Der ncphrotischglykosurische Zwergwuchs mit hypophosphata- 
mischcr Rachitis. Deutsche; med. Wchnschr., 62: 1 169, July 17, 1936; (c) Der fruhinfantile nephrot- 
isch glykosunschc Zucrgwuchs mit hypophospharamischcr Rachitis. Jahrb. f. Kinderh 147 ■ z 99 
1936. 

2 Sturzeneoger, H.: Zur pathologischen Anatomic des fruhinfantilen ncphrotischglykosurischen 

Zwergwuchses mit hypophospharamischcr Rachitis (Fanconi). Ann. Paediat., i S} : 1, 1539. 
•McCuni:, D. J., Mason-, H. H., an-d Clarke, H. T.: Intractable Hvpophosphatamic Rickets with 
Renal Glycosuria and Acidosis (The Fanconi Syndrome). Am. J. Dis. Child., 6j: 1943. 

* F -, Burnett, C. H., Parson, W., Reitenttein, E. C., and Rods, A.: Osteomalacia and 

Late Rickets. Medicine, a;.- no. 4, December 1946. 
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T n,r r ,id onc - bnt — * w * »-r': <,- 

»zzz7j: r d " Fanconi ' s rcnai fiActs -" *>*«**»« >«* «,«««* « h>2^ t 

the eponvm "Z n T“ '? “ ““ tHC k ° SthiCr t " mino, W (« in ehe title of our arnclH r 
describing^ ““ “ ^ ~ * ^ 1 “ W* & 

Sincerelv yours, 

S. Hitrrr., >. 


The editor has received the following letter from Dr. J. 
Cracow, Poland. 


Alexandrov 


. Fcfmiry i 

IHank you very much for your recent letter. I have great pleasure to comply with you: rrr 
enclose a shore review of the present status of hematology in Poland. Before giving you the i 
should like to tell you whac conditions we worked in during the difficult times of the German iv,-. 

Doubtless you know that for seven years our colleges and universities were dosed. Our pr 
were arrested by a mean trick. They' were called to the university allegedly to discuss thrnprsk 
new academic year and were there arrested and sent to concentration camps in Sachscnh Juser,, $<; 
9. 1939- Many of them never returned; they died the death of martyrs. In other towns it was r 
same. For instance in Lvvovv many professors were killed. Our scientific institutes svere cither J: 
or their equipment was appropriated and taken ro Germany; now with the help of UN'RRA the 
been re-equipped. Our scientists if they escaped concentration camps were deprived of the ere 
necessary' for work but risked their lives in carrying on secret instruction in the ‘TVirr 
University." I am surcyou know to what dangers and persecution non-Aryan person! wereerp 
handful of them was saved in this country, thanks to friends who risked their lives to help tbs 
not surprising that under the circumstances any development was virtually impossible, r.tvttthr! 
scientific achievements deserve mention. I present these achievements in outline, giving in turn th 
of our four Universities and other centres. 

The leading Polish hematologist is Professor Tadcusz Tcmpka. He was onc of the first in the v ' 
the first in Poland to introduce Arinkin's method of sternal puncture biopsy. The results w. 
published are well known and often quoted in hematological literature. Hts hematological ir.irsM 
are concerned primarily' with Addison-Biermerian anemia. He showed that this disrate is a pa 
pathy; he called attention to the changes in the bone marrow and especially in the mye. y' 
found and described the so-called ' 'iliesensrabkernigc. " Then he found the existence of the Caw. 1 
factor in normal human saliva. Besides the Addison-Bicrmcr s disease he distinguish.^, t— r 
“acastloses," the reverse of "asideroscs.” His bioptical investigations concern iympha— 
splenograms. Lately he has been working on puimograms, and the bioptical investigai.o.ui .t. ^ 
During the German occupation he was deprived, as were ocher professors, of the pnsu • >•. 
on dinicai work and svrore a large Hanjfook t>j Htmalalcgy which is now being ' , 

He and Doctor Kubiczek investigated the characteristics of the normal an par i ,, , t 
Among a number of works that of Kubiczek on the normal and pathologica ymp. ^ 

importance, as also are casuistic reports of bioptical diagnosis of diseases Su ' ZfZnt.i 1 ; 
peated here during the repatriation of the population from the East, the sy n ^ ... . ; , 

during life by the help of the pulmogram, aDd many others presented at t e r. g 

sociation in Cracow, 1546. . ... ■ ._,;„„;nrsofn:c?sui*k-‘ : 

Dr. Tapa Josef after his return from England is continuing his «' . , , , . , ri 1 . , , 

• • * { zzcto-carminc 






NEWS AND VIEWS 


3°3 


nated substances. As a result of these experiments they observed that the phagocytosis by histocytes and 
granulocytes of the ink was weaker during infectious diseases. 

In his latest studies, J. Aleksandrowicz has written on "Myelosis Erythroblastica” and on a case of 
retothelio-sarcoma diagnosed during life by means of lymphadenograms. His latest work is a monograph, 
"Disorders of the Blood-forming Organs in the Light of Bioptical Investigation of Bone Marrow, Spleen 
and Lymphodes," in which he puts forward among others the proposal of unification of hematological 
terminology and classification of blood disorders, and gives his view on the histiogenesis of certain 
blood cells. 

In the Biological Institute, Professor Skowron and his collaborators are investigating the influence of 
thiouracil on the blood forming centres of rabbits. 

In the Dermatology Clinic, Prof. Walter Frandszek and Lejman Kazimierz worked out a method for 
the bioptical investigation of skin diseases with the aid of hemodermogram. 

Prof. Kowalczykowa Janina, the head of the Anatomo-Pathologic Institute, elaborated the problem 
of mycosis fungoides. The basis of this disease is the overgrowth of the active mesenchyma which gives 
this disease a character bordering between inflammation and neoplastic processes. A similar position 
is occupied by Kaposi's sarcoma. With Dr. J. Cetnarowicz, she described an atypical reaction of theR-E 
system under the influence of carbon monoxide intoxication. With B. Skarzynski, J. Aleksandrowicz, 
and J. Japa she is carrying on control investigations on the characteristic leukemic reactions following the 
injections into animals of extracts of human organs affected by leukemia. 

In the Pathology Institute, T. Rymar investigated the changes in the morphology of platelets in 
human and artificial animal anemias. 

In my next letter I shall send you a review of Polish hematology at our other universities. 

Yours sincerely, 

D. Julian Alexandrowicz, M.D. 

An organizational meeting of the proposed national society for the study of blood, sponsored 
by Dr. Alexander S. Wiener, New York City, will be held at the Hotel Claridge, Atlantic City, 
Sunday, June 8, at 1:30 p.m. 
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HEMORRHAGIC DISEASE 


A Pharmacological and Radiological Study of Hemophilia. M. Ottra arj 0. I. MjJ: i 

} }: 860-867, 1546, 

The authors studied the effect of irradiation on the blood of animals and l hemophilic pi 
ttt vitro and in vivo, and cam c to the conclusion that the general effect ol x-rays is to teittte the 
time of the blood. The determination of coagulation time teas made by the use ol venom b! 
glass test tubes. Certain parallel studies prothrombin time, platelet count, calcium and f;b:i; 
minations— shosved that the change in the coagulation time was not accompanied by cbm 
factors and could not be explained on that basis. 

The effects were similar whether irradiation was applied to the blood after it had betn ph 
test tube, or to the individual before the blood was drawn. Splenic irradiation in t ca st< <f 
was of especial interest: the application ol 1S9 r over the spleen of the first patient resulted in 
the coagulation time from 145 minutes before treatment to 15 minutes five days after treatr 
minutes six days later. In the other patient, in whom rhe initial coagulation time was 19; r 
after irradiation was 90 minutes. 

It is obvious that certain variations in coagulation time occur on different determmiW’r.t, 
coagulation time of a given hemophilic may vary markedly from test to test. It is of great it 
ever, that in virtually all instances here reported, both in animals and in human beings, the 
time change svas in the direction of reduction after irradiation. In the most marled cat:, r! 
was of the order of 90 per cent (145 to 15 minutes). Further and more elaborate tiperirrr 
lines of this report are certainly necessary, including control studies ol the coagulation t >": ' 
philic patients svho are receiving irradiation. If these results arc confirmed, irradiation may 0 
as a weapon in certain acute hemorrhagic emergencies, notably those of hemophilia 7 h: i~ 
an alteration in some blood plasma {actor during x-irradiation svould b: worthy of in-.es;.. 

THE SPLEEN AND SPLENIC DISEASE 


Disorders op the Spleen with Special Reterznce to Those Amenable to 7 

matt: Rcrif. New York Acad. Med. -’-’.-415-41.7, *S-A ,t,.p~,‘-.tr 

Elliott presents an u^to-dace report on the experience of the Spleen Utmc . t - - ^ 

in New York which has for some years been followed with interest y mam 

it) this group, anemia recurred in only 1 case and was atcri ate to t - - 
* b J prognosis from splenectomy in hemolytic anemia 1*4 «- - **- 
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spherocytes. The fact that spherocytes may be found, however, in apparently acquired hemolytic anemia 
as well as in the congenital disease is not stressed. It is of interest in this connection that Boorman, Dodd, 
and Loutit (Lancet i: 812.-814, 1946) have found that red cells from patients with certain acquired hemo- 
lytic anemias are agglutinated by anti-human-serum rabbit serum whereas cells from patients with con- 
genital hemolytic icterus arc not so agglutinated. It is the reviewer's belief that the rabbit serum test may 
prove to be a valuable adjunct to observations on spherocytosis in estimating prognosis from splenectomy. 

The results of splenectomy in thrombocytopenic purpura in patients followed in the Spleen Clinic were 
less satisfactory than in hemolytic icterus, but an arrest of the disease was obtained in approximately 85 
per cent of 58 cases. Results from splenectomy were uniformly poor in atypical purpura subsequently found 
to be secondary to previously unrecognized underlying disease. 

In congestive splenomegaly, best results from splenectomy were obtained in cases in which the ob- 
structive factor could not be determined and in the group caused by schistosomiasis. In cases due to 
Laennec's cirrhosis or extrahepatic obstructive factors, more than one-half of the patients in the series 
have died, but in those with cirrhosis life expectancy was increased from 2. to 5 years by splenectomy. 

Elliott stresses the inadvisability of delaying surgery where indicated once a definite diagnosis has 
been made. 

L. E. Y. 

The Surgical Significance or the Accessory Spleen. G. M. Curtis and D. Movitz- Ann. Surg. 123: 176-289, 
1946. 

In the authors' series of 178 consecutive patients operated upon for various splenic diseases, 56, or 31 
per cent, were found to have accessory spleens. Of the patients with accessories, varying from 1 to 8 in 
number, 85 per cent had them in a single location. In the 8 cases of double location, the hilus was always 
one of the sites. The various locations of accessories (hilus, pedicle, omentum, left gonad, etc.) are dis- 
cussed in relation to the embryology of the spleen. 

Curtis and Movitz state that the decreasing incidence of accessories with advancing age is a reflection 
of gradual involution and atrophy which normally occur. The onset of pathologic processes in splenic 
tissue, however, apparently causes the accessory to remain, and thus occurs the increased frequency of 
accessories in patients with certain splenic diseases. 

The 2 recurrences of disease in the authors' series of splenectomies are reported in detail. One patient 
with congenital hemolytic icterus responded well to removal of the major spleen; hemolytic anemia re- 
curred 4 years later and was completely relieved by removal of 2 accessory' spleens. One patient with pri- 
mary thrombocytopenic purpura had a recurrence 2 years after removal of the major spleen; death occurred 
from severe bleeding and accessory spleens were found at necropsy. 

From the literature, the authors cite 2 additional cases of recurrence of primary thrombocytopenic 
purpura due to accessory spleens, and 2 cases of torsion of the pedicle of accessory spleens. 

L. E. Y. 

Splenectomy; Removal of a Spleen Weigiung 5,450 Grams. J. L. Maddm and C. H. Appltbtrry. Ann. 
Surg. 124: 524-531, 1946. 

The removal of a spleen, enormously enlarged as a result of chronic malarial infection, is described 
and comments arc made on the surgical management of large spleens which cause symptoms by pressure 
upon neighboring structures. 

A total of S,ooo cc. of stored, citrated whole blood transfused preoperatively to this patient, a 27 year 
old Filipino woman, over a period of 16 days raised the red blood cell count from 1,630,000 to only 
1,330,000. During the remaining 5 days prior to operation, transfusion of 1,000 cc. of whole blood raised 
the red cell count to 3,930,000. The poor initial response to transfusion is attributed by the authors to 
two possible factors . (1 ) destructive hemolytic action of the spleen, and (2) the use of stored blood (age and 
conditions of storage not given). The authors conclude that the response of the patient is the most reliable 
guide in estimating the amount of blood to be transfused prior to splenectomy. They advocate administra- 
tion of fresh blood during and after operation rather than massive preoperative transfusions. The custom- 
ary injection of epinephrine for the purpose of contracting the spleen and autotransfusing the patient was 
omitted in this case because of the danger of transferring (partially?) hemolyzed erythrocytes into the 
systemic circulation. 
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It seems possible that the peculiar response to transfusion in this P ati*r> m,V>- b 
to sequestration of red cells in the fiver which enlarged greatly dur Jth- fairial L'7 
administration. No mention of icterus is made. In the reviewer's experience „~ r , 
hemolptic anemia and splenomegaly have responded well to preoperame tWrif.-y-v 
cells have survived m a normal manner. 


Splenectoso: in the TREAtMEstr or the Rheumatoid Tvrr or Aaniaini f /UA P- v 

«■' io-ti, 1946. 

Removal of the enlarged spleen in cases of Felcys syndrome (rheumatoid arthritis v.i, 
and neutropenia) has often been done in an attempt to return the hematologic sal -, 
these cases it is generally agreed that the operation has no effect on the underlying aril 

In 1940 Bach reported the removal of a nmmlargei spleen in 3 cases of active rh:u- 
and claimed slow and sustained improvement in 1 cases. In the present article Di:tTd 
patient with active advanced rheumatoid arthritis, a normal blood count, and icr 
Splenectomy was followed by immediate general improvement with a marked reduction 1 
and muscle spasm. 

The rationale of the procedure, the author admits, is obscure. He has performed the 
selected cases and believes the results encouraging (in some cases the follow-up has be. 
The author notes that rheumatoid arthritis is known to improve during starvation, pet; 
type of jaundice, all of which are associated with increase in the scrum cholesterol, at. 
splenectomy is also follosved in certain cases by increase in the serum cholesterol. He also t 
cal relationship between cholesterol and various antiarthritic drugs. 

The argument remains unconvincing. Check of the author's 1933 references to the !i 
that splenectomy was done only in cases in which the spleen was clinically palpable, a.e J 
joint improvement was regularly mentioned immediately after operation, ■ of the cases sal 
from 35 days to 18 months after splenectomy. The cause for the splenomegaly in thru: 
remains obscure. The bulk of evidence is that removal of the hyperactive spleen— althoy 
anemia, neutropenia, thromboq-topenia, and their attendant complaints— has no effect c 
The removal of the nonhyperactive spleen docs not seem justified. 


Hypoplastic Anemia; Improvement tollowing Splenectomy. !-■ htt, II, aeJ P. Pry 
J. }f : 981-9S5, 1946. ti . 

The title of this paper is a misnomer, inasmuch as the case reported is one o. winpat...- 
topenia (panhematopenia). The patient was a 64 year old man who had previously beer, 
and svho complained of bleeding from the rectum and gums, and into the skin, lor three 
examination revealed petechiae and ecchymoses, 3nd splenomegaly. The Wood ptetu.. 
neutropenia, and thrombocycopenia. The bone marrow was not hypoplastic, but tiurr s • 
development of erythrocytes and granulocytes. The spleen weighed 410 grims ar cperi,. ^ 
only congestion on pathologic examination. Splenectomy was followed by e trr.ir.it. 
and a return of the blood counts to essentially normal values. .. ^ 

Three points are of especial interest. (1) Injection of adrenalin gave no sigm. ^ 
count. This is in contrast to the experience of Doan with the adrenalin rest. ^ 
of others. (2.) The bone marrow showed large numbers of granulocytes desri.. _ 

in the peripheral blood. (3) Supravital studies of the excised th; , 

cytosis. The authors point out, however, that of the 10 casts of sp 

7 showed neutrophagocytosis in the spleen. v n-nrrot-cria aremia. cr dr' 

This case is another instance of ''hypersplemsm n ■ 

In this instance, all three bone marrow elements were ‘ ^ , 

term "hypoplastic" is to be deplored for these case,, inasmuch 
hyperplasia of the involved elements. 
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Banti's Syndrome following Prolonged Infectious Hepatitis. R. L. Fishir and M. Zuhrtnan. Am. J. 
Digest. Dis. iy 361-366, 1946. 

Band's disease as originally described is considered to be an entity of unknown etiology characterized 
by splenomegaly, anemia, leukopenia, gastrointestinal hemorrhages, and, later, cirrhosis of the liver. 
The cause of the disorder has been obscure; and, in recent years, the existence of such a specific disease 
has been doubted. The term “Band" has rather been applied to virtually any disorder in which spleno- 
megaly has been associated with otherwise unexplained anemia and leukopenia. 

The authors of the present article describe what they consider to be a new cause of “Band’s syndrome. 
They report x cases of acute infectious hepatitis in which, subsequently, persistent splenomegaly, anemia, 
and, in 1 case, pancytopenia were discovered. In 1 case splenectomy was done with moderate improve- 
ment. The authors conclude that a virus may be responsible for certain instances of Banti's syndrome, 
inasmuch as infectious hepatitis is considered to be of virus etiology', and recommend splenectomy as 
soon as splenomegaly is found following hepatitis. 

Anemia, leukopenia, and pancytopenia have been described in a variety of unrelated conditions in 
which the spleen becomes enlarged. In portal cirrhosis this enlargement is interpreted as due to portal 
congestion; and the same explanation probably holds for acute hepatitis, the postulate of a virus etiology 
probably being unjustified. Routine splenectomy in such cases does not seem warranted, but in selected 
cases it may be counted upon to eliminate anemia, neutropenia, and pancytopenia. 

S. E. 

Spontaneous Rupture or the Spleen in Sarcoidosis. 1 . Jams and A. J. Wilson. Brit. J. Surg. jy 180- 
181, 1946. 

Rupture of the spleen has been reported in recent years with increasing frequency'. The underlying 
cause is usually malaria, sometimes infectious mononucleosis; and rarely no cause can be found. In the 
present report, severe epigastric pain and vomiting occurred in a 49 year old man, and the presence of 
a tender and rigid abdomen led to a diagnosis of peritonitis of obscure origin. At operation a spleen was 
found which seemed normal except for multiple hemorrhagic areas and one large rent through the upper 
pole; bleeding from this rent had resulted in a moderate amoum of fluid and clotted blood in the peri- 
toneal cavity. Pathologically, the spleen disclosed many pulp and subcapsular hemorrhages; but the un- 
expected finding was the presence of the typical lesions of Bocck’s sarcoid. Subsequent investigation of 
the patient failed to reveal other evidence of sarcoid in the eyes, skin, bones, lungs, or lymph nodes. 

The presence of signs of obscure intraperitoneal hemorrhage should suggest the possibility of splenic 
rupture, even if the spleen was not previously known to be diseased. Sarcoidosis must be added to the 
list of causes of splenopathy which may be followed by spontaneous rupture. 

S. E. 


SEROLOGY 

False Positive Serologic Tests tor Syphilis Following Blood Donation. K. D. Barnard , C. R. Riin, 
and C. A. Doan. Am. J. Syph. Gonor. & Ven. Dis. 155-Z63, 1946. 

The occurrence of transiently positive serologic tests for syphilis in several repeat blood donors with 
no other evidence of syphilis led the authors to investigate the incidence of false positive serologic tests 
at the Red Cross Center in Columbus, Ohio. It was confirmed that a certain number of donors, initially 
seronegative, became seropositive after giving from one to four donations. An incidence of 0.4 per cent 
of such serologic reversal occurred among some xS.ooo repeat donors. Reversal was rarely' seen after the 
fifth or subsequent donations. The positive serology occurred from 10 days to 3 weeks after a particular 
blood donation, and disappeared in from 1 week to 4J months later. 

The authors point out that, although the incidence of this aberration is small, the actual number of 
cases must bate been large because of the millions of blood donations given during the war years. A 
know ledge of the occurrence of the phenomenon will prevent unnecessary antisyphilitic treatment (which 
"as actually given in several cases described) and eliminate premature and incorrect diagnoses of lues. 
It is of great theoretical interest that venesection may so alter the plasma as to result in false serologic 
reactions. The nature of this alteration is not as yet clear. 

S. E. 
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of BM Forming Organs in sir light of Biofsees of Bros Matrix St'-- , . 

j0UAN Aleksanorowicz. D. E. Friedlcin, Krakow, Poland L J , ' . ' 

n m color, 45 microphotograms. 1 5 ’ ” 5 

ChapKr 0f * 1 * V Vt : chc c:chnic of K«P*w Of the sternum, s r .’c;n. and | ir . - . . 
d.scrtb.d. The ana toniy and physiology of the blood-forming centers is dtscusseJ m tl v ... 

h , 7 , ° f th u T V0US S>-St;m ’ Ibc cniocrincs 3n<J mh - r organs in the ih.rd charter TV • 

chapter deais with the preparation and evaluation of myclo-, spleno-, and Ivmphid-r L, r , t.‘ 

ters 5 to n, an original classifieation and a detailed description of the dis.-ases of th- p Ml , 
organs is given. ' *’ ‘ 

It is astonishing chat under difBculccircumsrances the author has been able to gither the n 
for his book. The publisher is also to be congratulated on the good printing and ewe!,’:-! i 

La Cultara in Vttro del Mtelolh Ositc. By Aminta Fiescih and Giovanni Ast.u di. Tipogra’i d,‘ 1 
Pavia, j ggS. Pp. 305. 

This book offers a rather complete review of the subject with close to j;o bibliographic c'r-r 
the Italian, English, German, French, and Russian languages. The technic for the preparm »• a 
study of supravital cultures is given in great derail and with a practical approach Alia ut hi’ . ►' 
work is devoted to the review of the literature, the technical aspects of the problem, ari if cr 
marrow in supravical preparations. Of the pathologic conditions, only pernicious Jtier.ia.tr.:' ;■ 
and lymphatic leukemia, and Cooley's anemia are studied and here the progressne change! < ! sV 
macro w elements as seen in ate 17/10 cultures arc given in great detail. 

As to pernicious anemia, the "problem of the megaloblast" is "sotted" with the co-::r.:. - 
tnegaloblasts arise directly from "histio-cndotheiiai elements" and not from a rtJ item cell o 
both megato- and normoblasts. The shift from megaio- to normoblastic marrow following l.-.e- tr 
therapy is interpreted as resulting from transformation of tnegaloblasts into normublam 

Bone marrow culture from cases of chronic myelogenous and lymphatic leukemia JiJ r •: r :■ e 1 
morphologic or developmental abnormalities which could be used as differentiating n era! h 
kemic processes. In acute leukemia, hemopoiesis was mote deeply altered; the largest number 1 ! t 
cytobiasts" sbosved no evolution toward either myeloid maturation or fibroblast format: a'" 

The authors believe that their observations of the tnarrosv from cases of Coolei s aner up ! 

a deficiency in red blood cell maturation based on 3 primary marrosv lesion. This jbr. -| W a. it. a.. . 

result from nuclear rather chan cytoplasmic deficiency. , 

The svork svould be difficult to read for anyone not familiar with the nnmmelaturr it t-e a 
hematologic school. The style tends to be heavy and prolix, fn so far as the mon'T-ap J. 
much scattered material it represents a valuable contribution to the literature r>, h.y- r ^ ^ 
micrographs and colored plates are numerous, the latter arc beautifully hthograp..:- a' - • 

from the standpoint of illustrating the text materia!. 

Disorders 0} the BM. By Sin Lionel E. H. W'hithy and C. J. C. Br.tto.x-, The Blabs: » C - r 

delphia, 5th edition. Pp. 665. $io.co. j, 

This fifth edition is an expanded and thoroughly revised version 0 or., o. - • - 
texts in hematology. Comparison with the earlier work tevea s muA { r , 

the hemolytic anemias, hematologic immunology, the anem.as °l «■ j. " 

fhe test has been increased by stxty-tsso pages a— 


fusion, and technic. The t 
of bone marrow have been added. 

The systematic subdivision of the material into 


well-defined cubbyholes and the cfarin ; 
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which marked the earlier editions are well maintained. Of especial note are the meaty and concise sum- 
maries at the end of each chapter, the careful subject and author indexes, and the critically chosen ref- 
erences, which are mainly to key papers. The format is pleasing and the colored plates are good although 
one could wish for a few more colored illustrations. 

Although the aim of the authors is to integrate disorders of the blood with the general field of internal 
medicine, the increasing volume of knowledge in this specialized field has necessarily limited the discus- 
sion to hematology and closely allied subjects. 

The discussions on therapy might well be expanded and the frequent use of proprietary British phar- 
maceuticals as examples curtailed. A more critical analysis of some of the newly proposed procedures in 
immunohematology, as, for example, the transfusion of 50 cc. of blood as an in vivo test of compatibility, 
might have been expected. 

On the whole, the relative completeness of the book, its clarity of style, and the exposition of most 
of the recent advances mark it as a very welcome addition to the library of students, practitioners, and 
internists interested in keeping abreast of a rapidly expanding field, and as a valuable ready reference 
textbook. The chapter on methods, particularly that part dealing with the Price-Jones curves, is par- 
ticularly good. 

Practical Malariology. By Paul F. Russell, M.D., M.P.H., Luther S. West, Ph.D., and Reginald D. 

Manwell, Sc.D. Prepared under the auspices of the Division of Medical Sciences of the National 

Research Council. W. B. Saunders Co., Philadelphia and London, 1946. Pp. 684. Price $8.00. 

This is a manual originally designed for the use of the American armed forces. It was undertaken in the 
closing months of the war and was completed in the postwar period. Although originally intended as a 
military manual, it has been rewritten primarily from the standpoint of civilian needs. 

The writing is done by a well known malariologist. Colonel Russell, who was aided by an entomolo- 
gist, Dr. West, and a protozoologist. Dr. Manwell. A happier combination could hardly have been 
conceived. 

The work is distinguished by its eminent practicality, and by the enormous amount of very readable 
information which is compressed into a relatively small space. There are certainly no wasted words, and 
it is refreshing to see things put down in clear and lucid fashion. The diagrams, charts, and figures are 
well conceived. There are some excellent colored plates of parasites. The book is divided into six sections 
as follows: The Parasite, The Mosquito, The Man, The Community, Prophylaxis and Control, and 
Therapeutic Malaria. The very practical chapters on "Field Technic" and "Laboratory Technic" with 
exact directions for collection and study of specimens are, in their particular fields, classics. There is a 
very interesting chapter on "The Spleen Index” in which palpation and measurement of the spleen are 
thoroughly discussed. Hackctt's suggestions for classifying enlargement of the spleen from o to 5 arc 
followed. 

In the section on prophylaxis and control, there is a very complete chapter on larvicides with particu- 
lar reference to D.D.T. A thorough review of the chemical nature, methods of using this substance toxic 
effects, etc., is presented. A seventy page appendix deals with the world anophelinae. 

It is a pleasure to recommend this work to anyone interested in the study and control of malaria 
which by many is considered to be the world's most important disease. 
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DEVELOPMENT OF INCLUSION BODIES CONTAINING RIBOSE NUCLEIC 
ACID IN MYELOMA CELLS AFTER INJECTIONS OF STILBAMIDINE. 
DETERMINATION OF STILBAMIDINE IN MYELOMA TISSUE 

By I. Snafper, M.D., A. E. Mirsky, Ph.D., H. Ris, Ph.D., 

B. ScHNEJD, M.D., AND M. ROSENTHAL, M.D. 

I N CASES of multiple myeloma, treatment with stilbamidine often results in 
special morphologic alterations in the bone marrow. 1 * * * Whereas myeloma cells of 
untreated patients never contain basophilic granules (fig. 1), after injection of 
stilbamidine,* basophilic inclusion bodies appear in the cytoplasm of the myeloma 
cells of many patients. In none of the other cellular components of the marrow 
have such inclusions been found. These inclusion bodies are stained deep blue with 
Giemsa or Wright stain and bright red with Unna’s phenol methyl green pyronine. 
In supravitally stained preparations exposed to Janus green and neutral red the 
myeloma cells are seen to contain large globules stained by neutral red. 

The staining properties of these inclusion bodies — deep blue with Giemsa, deep 
red with pyronine methyl green — allow certain deductions about their chemical 
composition. 

It has been known for many decades that the nucleoproteins of cells display 
pronounced basophilia. Nucleoproteins consist of protein conjugated with nucleic 
acid; the basophilia of nucleoproteins is due to the nucleic acid content. This 
knowledge has been expanded in recent years and it is now realized that the baso- 
philia of many cellular inclusions depends upon their nucleoprotein content. 2-1 

Recently, chemical and physical methods have been made available by which 
nucleoproteins can be studied in the intact cell. These methods also permit differ- 
entiation between the dcsoxyribose nucleic acid present in the nucleus and the ri- 
bosc nucleic acid which is present in the nucleoproteins of cytoplasm and nucleolus. 

1. With Unna’s phenol methyl green pyronine solution, the ribose nucleic acid 
of cytoplasm and of the nucleolus stains red, the desoxyribose nucleic acid of the 
nucleus blue green. 

l. The enzyme ribonuclcase which was used by Dubos 5 and Brachet 0 and later 
crystallized by Kunitz 7 depolymerizes ribose nucleic acid but does not attack 
dcsoxyribose nucleic acid. After cells have been exposed to the action of this 
enzyme, structures containing ribose nucleic acid no longer stain. 

i rom the Second Medical Service of the Mount Sinai Hospital and the Laboratories of the Rockefeller 

Institute for Medical Research. 

• Tlic stilbamidine used in these experiments was donated by Merck & Co., Inc., Rahway, N. J., 

through the courtesy of Dr. D. F. Robertson. 
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3. Lanthanum salts precipitate nucleoprotcins. This fact has ken > 
Caspersson, Ham mars ten, and Harnmarsten s for the analysis of nuclei. 
Caspersson 11 used lanthanum salts to fix the dcsoxyribosc nucleic acid ok 
somes, and recently Opie 1 " has applied this technic to study the ribosc nud 
of cytoplasm and of basophilic cytoplasmic inclusions. After tissue scaio 
been subjected to the action of lanthanum salts the ribose nucleic acid can 111 
be removed by ribonuclease, as proved by staining with Giemsa or with 
methyl green pyronine solution. 

4. Nucleoproteins show a specific ultraviolet absorption. The use of tli. 
microscope has made it possible to photograph the nucleoprotcins in tit, 

1 ■ 1 



Fig. i. Mveloam Cell or Untreated Patjeni. Uasophiuc, Somtu/ht 
Vacuolated Protoplasm. Giems* Stain 


and unstained cells. 11 As the ultraviolet absorption of nudeoprotein dcpcnl 
the purine and pyrimidine content of nucleic acid, this method docs not 
the differentiation between ribosc nucleic acid and dcsoxyribosc nudtn 
both substances have the same ultraviolet absorption. 


METHODS AND RESULTS 

Bone marrow smears were fixed by exposure to heat ac 163 degrees for 
Thereafter the smears were dipped in methyl alcohol for 1 minute. Diffc 
were treated in the following way. 

a. After fixation, smears were immersed for 15 and for jc minutes 
distilled water at zS degrees C. 

b. After fixation, smears were immersed for 15 and for 30 minuter m 
solution of ribonuclease* 0.04 per cent at a temperature of iS degree 

• We arc greatly indebted to Dr. M. Kumcz, who his kindly pi r a a '‘ 

ribonuclease at our disposal* 


-cn: ■ 


ar. 2 
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Figs. iA \n t d lB. Myeloma Cells or Patient Treated with Stildamidine for 6 Weeks 
Fixation ■ 10 seconds at i6o°, followed by i minute in methyl alcohol. Giemsa stain. Large 
basophilic inclusion bodies. 


c. After fixation, smears were exposed to a fifth molar lanthanum acetate 
solution for z hours. The smears were thoroughly -washed and then exposed for 15 
and for 30 minutes to ribonucleare 0.04 per cent at a temperature of 2.8 degrees C. 
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All smears were rhea stained with Giemsa solution. Another smear was used 
as a control and was stained with Giemsa solution immediately after fixation 

The control smears stained after fixation contained many mveloma cells with 
basophilic cytoplasm and deeply blue-stained inclusion bodies (figs. zA and -> 
After immersion in double distilled water at 2.S degrees for 30 minutes the myeloma 
cells were scarcely changed, although occasionally the basophilia of the cytoplasm 
was slightly diminished. The inclusion bodies, however, had not been touched and 
stained deep blue (fig. 3). 

After enzymatic digestion in ribonuclease solution the cytoplasm of practicallr 
all the myeloma cells had disappeared. The inclusion bodies also had vanished. 



Fig. 3. Bone Marrow Smear of Myeloma Patient Treated with Stilbamidine for 6 Vitws 
Fixation xo seconds at iCo' followed bvj minute in mcthvl alcohol. Immersed for 30 minute ic doe... 
distilled water at 1S 0 . Giemsa stain. 

Basophilic inclusion bodies well preserved. 

Here and there a myeloma cell still showed the presence of faintly stained granuL 
(fig. 4). 

For completeness it may be added that the nucleoli of the myeloma cells were a "o 
digested by ribonuclease. As mentioned above, nucleoli in contrast to the rest 0 
the nucleus contain considerable amounts of ribose nucleic acid. ^ 

When immersion in lanthanum acetate solution was followed b> n onuc «- 
digestion, the cytoplasm of the myeloma cells could still be stained d3r uc va 
Giemsa solution; the same held true for the inclusion bodies (fig. 5)- _ 0 j 

It is possible to obtain comparable results if, instead of Giemsa, nna s 
pyronine methyl green solution is used. With the latter stain cy top ism, in 
bodies, and nucleoli of the myeloma cells take a deep red color. ofth . 

stain if applied to bone marrow smears is erratic and stains the t ic '= F 
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Fig. 4. Bone Marrow Smear or Patient with Multiple 
Myeloma Treated with Stilbamidine 
Fixation: 10 seconds at 160°, then 1 minute in methyl alcohol. 

Smear immersed in ribonuclease solution (Kunitz) 0.04 per cent for 30 minutes. 
Gicmsa stain. Basophilia of cytoplasm and inclusion bodies completely disappeared. 



1 . ... 

Fig. 3. Bone Marrow Smear or Patient with Multiple 
Myeloma Treated with Stilbamidine 
Fixation: io seconds at 160 then 1 minute in methyl alcohol. 

■.meat immersed for z hours in ' molar watery solution of lanthanum acetate. Then for 30 minutes" in 
• ihonuclcasc solution (Kunitz) O.C4 percent at lS°. 

Gicmsa stain. Basophilia of cytoplasm and inclusion bodies well preserved. 
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smears much more intensely than the thinner parts . The pyronine stain may, th crc . 
fore, give rise to erroneous conclusions if used to compare the ribose nucleic acid 
content of myeloma cells before and after digestion with ribonuclease. 

The ribonuclease method as used for the demonstration of ribose nucleic acid in 
the myeloma cells of bone marrow smears differs slightly from the methods pub- 
lished recently. Up to the present time ribonuclease has been used mainly to demon- 
strate the presence of ribose nucleic acid, either in solutions or in microscopic 
specimens. The latter had been fixed in Zenker’s or Helly's solution. The ribonu- 
clease solution was usually allowed to act for i or more hours at temperatures rang- 
ing between 37 degrees and 70 degrees ; Bracket 0 used 1 hour at 70 degrees, Davidson 
and Waymouth 5 hours at 37 degrees, Opie 1 " 1 hours at 56 degrees, Deane 1 "- 3 
hours at 60 degrees. The bone marrow smears we studied consist of a unicellular 
layer, much thinner than the microscopic specimens which were used by most 
authors. It is evident that under these circumstances che action of ribonuclease on 
the thin bone marrow smears had to be limited to shorter periods and to lower 
temperatures than are customarily used in the study of microscopic specimens. 
This explains why our experiments on the influence of ribonuclease on bone marrow 
smears were performed at a temperature of iS degrees and why the time of action 
was limited to 30 minutes. 

The choice of a method of fixation is not of great importance. As mentioned, we 
used heat and methyl alcohol, but comparable results can be obtained after fixation 
of the bone marrow smears with Zenker's fluid. Since the staining of fine cyto- 
plasmic structures in these smears is occasionally unsatisfactory after che use of 
Zenker’s fluid, we record only the results obtained with smears fixed by heat and 
methyl alcohol. 

We had occasion, however, to examine microscopic sections of the bone marrow 
of one myeloma patient who had been treated with stilbamidine and who died of 
of thrombopenic purpura. Phenol methyl green pyronine solution stained the cyto- 
plasm of the myeloma cells a vivid red, and in addition revealed the presence of 
groups of deeply red stained granules in and around the myeloma cells. After pre- 
liminary immersion of the specimens in 0.02. per cent ribonuclease solution for 1 
hours at 40 degrees neither the cytoplasm of the myeloma cells nor the granules 
stained with pyronine.* 

We found it advisable to dissolve the ribonuclease in twice-distilled water an 
not in a buffer as has been done by most of the other workers. In our experience 
the ribose nucleic acid of the myeloma cells and of the inclusion bodies present in 
bone marrow smears dissolves much more easily in a buffer of pH 6.75 to 7.4 than m 


twice-distilled water. , 

It is evident that the removal of the basophilic clumps of the myeloma ce s ro 
bone marrow smears and bone marrow sections under the influence of ribonuc ease 
makes it highly probable that these inclusion bodies contain ribose nuceic aci. 
Ultraviolet microscopy was used to confirm the results obcaine wit 

* These microscopic specimens of the bone marrow were prepared and stained by P /^^ nB0US 
the Mount Sinai Hospital. We gladly take this occasion to thank Dr. Klemperer for h,s 

interest and support. 
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nuclease because ribose nucleic acid absorbs ultraviolet radiation of :1,60c A. Bone 
marrow smears were prepared on quartz slides and were fixed in methyl alcohol. 
Photomicrographs of these smears were made with a quartz microscope using a 
light source which emitted ultraviolet light of 1,60c A. In these photomicrographs 
the myeloma cells contained large black granules (fig. 6). The fact that in the in- 
clusion bodies of the myeloma cells a substance with a specific ultraviolet absorp- 
tion of 1,60c A. can be revealed confirms the results obtained with ribonuclease. 
This finding, in conjunction with the results of the other methods mentioned 
above, provides strong evidence for the presence of ribose nucleic acid in the in- 
clusion bodies of the myeloma cells. This does not necessarily mean that these in- 
clusion bodies consist exclusively of ribose nucleic acid or of ribose nucleoprotein. 



Fig. 6. Photographs Taken with Quartz Microscope or Bone Marrow Smears 
or Myeloma Patient Treated with Stilbamidine 

Light source z.fco A- Bone marrow smeared on quartz slide. Myeloma cells showing inclusion bodies. 

At the same time it has been possible to demonstrate that after treatment of 
myeloma patients with stilbamidine this drug is present in the myeloma tissue. 
The myeloma tissue was obtained at the autopsy of a patient who died after she 
had received a total of 5,175 milligrams of stilbamidine in the course of six weeks. 
The last stilbamidine injection had been administered eight days before death. 

For the determination of stilbamidine in the myeloma tissue an extract of the 
tumor mass was prepared by emulsifying it in 10 cc. of 0.9 per cent NaCl. After 
centrifugation the sediment was washed twice with 10 cc. of 0.9 per cent NaCl. 
Tins washed sediment was suspended in 10 cc. of 0.9 per cent NaCl and subjected 
to a final slow centrifugation* The supernatant fluid of this fraction was analyzed. 

We arc greatly indebted to Dr. G. Shwartzman of the Mount Sinai Hospital for his willingness to 
prepare these extracts of the myeloma tissue under adequate bactcriologic controls. 
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The detailed procedure was as follows: 

The myeloma tissue was mixed with 10,000 units of penicillin and kept for i hour 
at 37 C. Cultures showed the presence of gram-negative organisms which did not 
grow out in subcultures. 

The mixture was then kept for zi days in the deep freeze. It was thawed and the 
penicillin was removed. The myeloma tissue was ground in a mortar over dry icc 
and the emulsion suspended in io cc- of 0.9 per cent NaCl. This suspension was 
placed for 14 hours in the deep freeze, then thawed and centrifuged at 3,000 R.P.M. 
for 10 minutes. The supernatant fluid A was saved in the refrigerator. 

E 



Fig. 7. Ultraviolet Absorption Curve of an Aqueous 
Solution of Stilbamidine Containing 0.007 mg. Per Cc. 

Point marked • represents the extinction coefficient at maxima] wave-length of a solution conwiflwj 
0.0035 mg. per cc. 

Wave-length in A. U. 


The sediment was transferred to a mortar, ground over dry ice, and sus P c "j c ^ 

in 10 cc. of 0.9 per cent NaCl. To this suspension the supernatant fluid A was ad c 

and the pooled specimen was centrifuged for io minutes at x,ooo i R.P.M. e5U l* 

natant fluid was separated and the sediment again suspended in io cc. o °-9 
cent NaCl. It was kept for i hour in the refrigerator and then cemntuge 

minutes at 1,000 R.P.M. „rfrhensus- 

The sediment obtained was kept for z months in the deep rcezea ^ 

pended in io cc. of 0.9 per cent NaCl solution, centrifuged at 1,000 K.r. 
minutes, and the supernatant fluid was used for the analysis. , vas ap . 

The presence of appreciable quantities of stilbamidine m cofaStf0fl g 

parent because examination with ultraviolet .light showed the p 
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blue fluorescence. This blue fluorescence is one of the characteristics of stilbamidine 
solutions and is used for the determination of this substance in biologic fluids. 13 
This result was checked by spectrophotometric analysis of the extract. 
Goodwin 14 has investigated the ultraviolet absorption of stilbamidine. In his 
report the absorption curve shows maximum absorption at 3,2.50 A., but in a table 
an absorption maximum of 3,09c A. is given. We have redetermined the ultraviolet 
absorption of stilbamidine solutions and found the maximal absorption to be at 
3,L90 A. (fig. 7). The extinction coefficient at this wave-length is 0.498 for a solu- 


Fig. S. Ultraviolet Absorption Curve or a Saline Extract or Myeloma Tissue 
Wave-length in A. U. 

non containing 0.007 mg. per cc. Beer's law does not hold, for a solution containing 
0.0035 mg. per cc. of stilbamidine has an extinction coefficient of 0.330 (fig. 7). 

Spectrophotometric analysis of the extract obtained after storage in the deep 
freeze shows intense absorption at 2., 600 A. due to nucleic acid and absorption at 
3,2.00 A. due to the presence of appreciable quantities of stilbamidine (fig. 8). For 
spectrophotometric determinations 1 part of this extract was diluted with 46 parts 
of saline. From the extinction coefficient (0.814) at 2., 600 A. the concentration of 
nucleic acid and nucleotides can be computed. A nucleic acid solution containing 
c.i mg. per cc. has an extinction coefficient of 1.1 at 2., 600 A. The undiluted extract 
accordingly contains 1.7 mg. of nucleic acid per cc. To estimate the quantity of 
stilbamidine present the extinction coefficient at 3,100 A. was determined in a 
solution of the extract diluted with 7 parts of saline. From this value, 0.410, it is 
computed that the undiluted extract contains 0.037 mg. of stilbamidine per cc. 
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RIBOSE NUCLEIC ACID IN MYELOMA CELLS 


This value may be too low, for stilbamidine is unstable, but at all events th- 
amount of stilbamidine compared to the amount of nucleic acid is very low 


DISCUSSION 


From chese results it may be concluded that- not only the cytoplasm of the 
myeloma cells but also the basophilic inclusion bodies which develop in the mye- 
loma cells under influence of stilbamidine contain considerable quantities ofribo'e 
nucleic acid. In addition, there is evidence that stilbamidine is deposited in the 
myeloma tissue. 

In recent years evidence has been collected which supports the hypothesis that 
nucleoproteins regulate the formation of protein by cells. Cells which are engaged 
in rapid protein synthesis are especially rich in basophilic nucleoproteins. This can 
be demonstrated in cells from different organs with widely different physiologic 
functions such as the cells of the serozymogenic glands of the digestive system, 
the liver, the lymphocytes, the nerve cells, the placenta, and certain elements of 
the endocrine glands. Any change in the rate of the protein formation in one of 
these cells is accompanied by differences in the amount or distribution of the cyto- 
plasmic basophilia. 

Thorell and his associates demonstrated that the cytoplasm of myeloma cells is 
rich in ribose nucleic acid and also stressed the active synthesis of protein in mye- 
loma cells . 17 

Since various kinds of proteins are elaborated by different cells, the corresponding 
nucleoproteins which regulate the formation of protein must also differ. In this 
connection the conception that globulins and Bence-Jones protein are manufactured 
within the myeloma cells becomes important. If the nucleoproteins of myeloma 
cells elaborate the abnormal globulins and the Bence-Jones protein, they should he 
different from the nucleoproteins of all other body r cells. 

Kopac 18 has suggested that stilbamidine may’ dissociate nucleoproteins, and 
he has shown that stilbamidine can in fact dissociate a protamine-ribonudeatc 
complex. Kopac states that "in all probability the property of a compound to 
dissociate protamine-ribonucleate is dependent on its ability to denature th. 
protein moiety’." There is no need to suppose that "denaturation is required to 
displace protamine from its combination with nucleic acid. It is true that stilbami 
dine combines with desoxy’ribose nucleic acid, forming a fibrous precipitate, as 
would be expected from the presence of amidine groups in stilbamidine. It as a 
ready been found that protamine which has a great affinity for nucleic aci is a c 
to displace histone from its combination with nucleic acid in isolated nuc ei ^ 
chromosomes . 19 In this experiment one base displaces another from a sa t - 
linkage. We found that when stilbamidine is added to isolated nuclei, isto ^ 
displaced. Arginine and some other amidines, on the other hand, are un9 ' 
displace histone. The ability of protamine and stilbamidine to 1S P 3Ce ^ 
depends upon the relative affinities of these substances for nuc : eic act ■ ■ ^ 

tioned above, there is reason to believe that the nucleoproteins o t e my ^ ^ 
differ from the nucleoproteins of other body cells. Thus it seeme p sdlbjin . 
protein of the nucleoprotein in my’eloma cells is more readi y 1S P 
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idine than is the protein of other nucleoproteins. Experiments like those on the 
displacement of histone by protamine and stilbamidine should be done on the 
nucleoproteins of myeloma cells and other cells. In this way, the observation that 
stilbamidine influences the course of multiple myeloma but has no influence upon 
other proliferative diseases of the blood-forming organs or neoplasms can perhaps 
be explained . 20 ' 21 


SUMMARY 

The cytoplasm of myeloma cells is rich in ribose nucleic acid. The basophilic 
inclusion bodies which develop in myeloma cells under the influence of stilbamidine 
contain ribose nucleic acid. The myeloma tissue of patients treated with stil- 
bamidine contains appreciable amounts of stilbamidine. 

There is reason to believe that the nucleoproteins of myeloma cells differ from the 
nucleoproteins of other cells. This could explain why stilbamidine reacts with the 
nucleoproteins of myeloma cells only, and not with the nucleoproteins of other 
cells. 
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THE ANEMIA OF INFECTION, VI. THE INFLUENCE OF COBALT ON THE 
ANEMIA ASSOCIATED WITH INFLAMMATION 


By M. M. Wintrobe, M.D., M. Grinstein, Ph.D., J. J. Dubash, M.D., 

S. R. Humphreys, Helen Ashenbrucker, B.A., and Wanda Worth, B.S. 

A LTHOUGH the bone marrow usually appears to be normal or even hyper- 
jLA_ plastic in cases of anemia associated with infection, 1 the anemia is refractory 
to therapy, being relieved only when the underlying infection is successfully erad- 
icated. The anemia is accompanied by a profound metabolic disturbance as in- 
dicated by the finding of hypoferremia, hypercupremia, and elevated erythrocyte 
protoporphyrin levels. 2 It is recognized, also, that infection is associated with a 
disturbance in protein metabolism; thus the serum albumin decreases, and in- 
creased excretion of urea in the urine has been reported. 3 

As part of a study of the pathogenesis of the anemia associated with 
inflammation, and in an attempt to find a means whereby the failure to form hemo- 
globin might be overcome, it was considered of interest to study the effect of cobalt. 
By the administration of cobalt, polycythemia can be produced in many laboratory 
animals. 4 ' 6 The increase in red cells and hemoglobin has been reported as being due 
to an actual increase in red cell mass, 6 ' 7 and an increase in reticulocytes in the blood 
has been observed. The mean corpuscular volume was found increased, owing 
mainly to greater cell thickness," the bone marrow becomes hyperplastic, 8 - 5 and 
metaplasia occurs in the spleen, liver, and kidneys. 5 - I0 The administration of cobalt 
was found to overcome the anemia produced by the toxic action of benzol 
in rabbits 8 and that caused by protein deficiency in rats 11 and was even reported to 
relieve the physiologic and nutritional anemia of children. 12 Kleinberg and his 
associates 8 found that in rabbits made anemic by the injection of 0.5 to 1.0 ml. of 
benzene for a period of 5 weeks, the daily administration of 50 ml. of cobalt nitrate 
overcame the anemia despite the continued administration of benzene. The marrow 
of the control benzene rats was fatty and aplastic, while the marrow of the rats 
treated with cobalt and benzene was hyperplastic. It has been shown by Dorrance 
ct al. 10 that the work performance of rats having cobalt polycythemia is increased 
under conditions of anoxia, thus indicating that the increased hemoglobin is useful 
for oxygen carriage. 


METHODS AND PROCEDURE 

Rats of Sprague-Dawley strain and from the Carsworth Farms were used. Since 
it has been shown that sterile turpentine abscesses have the same effect in animals 
as chronic infection 13,11 this means was employed to produce inflammation. In 
the first experiment 14 rats were used, these being divided into 4 groups of 6 each. 
All rats were fed fox chow ad libitum. Group I were controls. Group II ("cobalt”) 
were given 0.115 ,n S- cobalt (0.5 mg. cobaltous chloride, CoCL- 6 H 2 0 ) intraperi- 

from the Department of Medicine, University of Utah School of Medicine, Salt Lake City, Utah. 

This study has been aided by a grant from the United States Public Health Service. 
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toneally daily. Group HI (' 'cobalt and turpentine”) were injected intramuscularly 
with 0.15 ml. turpentine (Rexall, U.S.P.), and this was repeated according J 
clinical condition of the animals; cobaltous chloride, 0.5 mg., was given inirw i 

toneaUy each day as well. Group IV (“turpentine”) were injected with turpentine 
as in group III but received no cobalt. ^ 

The second experiment represented a repetition of the first, only the following 
slight modifications being made: The diet was Purina dog chow; the first injection 
of turpentine was 0.15 ml. and the succeeding weekly doses were 0.115 ml. This was 


Table 1 . — Summary oj Data 


Group No. 

Hemoglobin 
Gm./lOO ml. 

Vol. 

Fkd.' 

RBC 

Eryth- 
rocyte 
Proto- 1 

P Cnn 

Plas- 

ma 

Iron 

Se- 

rum 

Cop- 

per 

Protein , 

Urea& 
Am- 
monia 1 
Nitro-j 
Ren 1 
Gm./ 1 
24 hr. 

Weight, Gm. 

' Before j 

1 

After 

ml./ 

100 

ml. 

mg./l00 

1 ml. 
packed 
RBC 

mg./ 

100 

ml. 

mg./ 

100 

ml. 

Total 

Al~ 1 
bumin! 
Gm./| 
100 

1 ml. 1 

Glo- 
bulin | 
Gm./| 
100 
ml. 1 

1 1 

A/G 
ratio | 

Before 

After 

a" 

Experiment I 

1. “Control” 

13.4 

16.9 

50.0 

33 

3S4 

231 

■ 

■ 




131 1 

wo 1 

+45 

II. “Cobalt” 

14.0 

19.3 

54.0 

88 

234 

243 

■ 





120 

187 

+56 

III. “ Cobalt &Tur- | 

13.5 | 

18.7 ; 

51.0| 

52 

214 

225 

■ 





110 

177 

+61 

pentine” 















IV. “Turpentine” 

14.1 | 

13.8 

41. o| 

138 

161 

227 

■ 

■ 




118 

174 

+47 


Experiment II 


I. “Control” 

16.3 

15.4 

45.0 

52 

281 

225 

6.56 

4.56 ’ 


I 2.32 


172 

20! 

+11 

II. “Cobalt” 

16.2 

19.3 

56,0 

82 

262 ! 

282 

6.32 

4.14 

2.18 1 



167 1 

193 

+1) 

III. “Cobalt&Tur- 

15.9 

18.2 

52.0 

113 

184 

256 

5.47 

3.22 

2.25 

1.43 


182 

179 

[ -2 

pentine” 

IV. “Turpentine” 

17.3 

14.5 

41. o| 

85 

188 

282 

5.42 

3.50 

1.92 

1.83 


183 

201 

+10 


Experiment III 


L “Control” 

16.1 

16.9 

49.3! 

36 

260 

179 

5.95 

3.70 

2.25 , 

1.64 

0.162 

161 

208 

+29 

II. "Cobalt” 

16.1 

22.1 

62.3, 

62 

209 

225 

5.32 j 

3.30 

2.02 

1.63, 

0.174 , 

163 

202 

+24 

III. “Cobalt & Tur- 

15.6 

20.0 

58.0 

77 

125 

247 

5.16 1 

2.48 

2.54 ! 

0.98| 

0.162 

166 

200 : 

+20 

pentine” 

IV. "Turpentine” j 

V. “Cobalt after 

16.4 | 
15.9 | 

14.9 | 
17.0 | 

42.4 

47.2 

42 

165 

- 

4.99 

2.67 

2.31 

1 

1.15 

0.170 

0.159 

160 1 
165 j 

210 

217 

+31 

+32 

Turpentine” 


















injected into the posterior muscle of the thigh. A definite abscess appeared b) the 

third week. . , • 

In a third experiment the same procedure was followed but 14 rats were p acc 
each group and a fifth group was added (group V). The new group ( co a t i 
turpentine' ’) received the same preliminary treatment as group I ut > 2 * y ( 

had developed, 0.1x5 mg. cobalt per rat was given daily. Thus t ee ect 
on turpentine-induced anemia could be studied. , devd- 

The first two experiments lasted n weeks. Since maxima po > ) 
oped by the seventh week, the third experiment was te ™ ina f , J' hod) us ing 
Hemoglobin was determined by the photoelectric oxyhemog 
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an Evelyn photoelectric colorimeter. The instrument was standardized by the Van 
Slyke procedure and the hemin method of Clegg and King. la Blood was obtained 
lrom the tail. The plasma iron was measured according to the procedure of Kitzes, 
Elvehjem, and Schuette 10 in the first experiment and by the method of Barkan and 



Fio, j. Hemoglomn Levels in Rats Injected with Turpentine CO Compared with Normal 
Controls (N), Those Given Codalt (C), and Those Injected with Turpentine and 
Given Codalt as Well (T + C), in Each of Three Experiments 
In experiment III there was a fifth group of rats which was treated with cobalt after anemia had devel- 
oped following the injection of turpentine. 

Note that the administration of cobalt tended in large measure to overcome the effect produced by 
turpentine. 


Walker ' 7 in experiments II and III. The method of Grinstein and Watson was 
followed for erythrocyte protoporphyrin determination . 15 Serum copper determi- 
nations were made by the method of Cartwright, Jones and Wintrobe . 19 Plasma 
proteins were determined by the biuret method of Kingsley 20 as modified by Weich- 
sclbaum .- 1 The method of Van Slyke and Cullen 22 was used to measure the urea 
and ammonia of the urine. 

At the end of the experiment the rats were anesthetized with nembutal and blood 
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was drawn from the abdominal aorta. Plasma iron, serum copper, erythrocyte pro- 
toporphyrin, and plasma proteins were determined on the pooled blood from 
each group of animals. 


RESULTS 

The data obtained are summarized in table i and the more significant 
observations are illustrated in figures 1-4. 

Figure 1 represents the result of hemoglobin determinations in the various groups 
in all three experiments. It will be seen that the results were essentially the same 
throughout. The administration of cobalt led to the development of polycythemia, 
and the injection of turpentine was associated with the development of a modcr- 



F.o. z. Plasma Iron Levels (Fe) and Erythrocyte Protoporphyrin (HP) ™ * VaW °° S 
Grours or Rats ,n Each or the Three Experiments (I, II, "v 

ate anemia. When cobalt was given in addition to 
latter to produce anemia was overcome and 

than that occurring in animals receiving on y co ’ d ^ om the injection 
The impairment of hemoglobin production which res 1 ^ ^ ^ and an 

of turpentine was associated with a reductlon . h ? ££a observed in patients 

increase in erythrocyte protoporphyrin, F ^ a)1 t hree expen- 

with anemia accompanying infection^- Theresu^ ^ would no t seem 

ments (fig- t-)- Considering the made a significant 

that the simultaneous administration of cobalt a P . the impairment in 
difference in the degree of hypoferremia produced, , h Qfi f creasein cryrhrocyc 
hemoglobin production was largely overco ^h ^ t0 the degree 
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associated with the development of somewhat lower levels of plasma iron as com- 
pared with the controls, and there was at the same time an increase in erythrocyte 
protoporphyrin. Somewhat higher levels of serum copper were noted in association 
with the administration of cobalt and the injection of turpentine than were found 



Fig. 3. Growth Curves tor Animals in the Various Groups in- Each Experiment 


in the control animals but it remains to be determined -whether these differences 
were significant. 

Weight gain tended to be impaired both by the injection of turpentine and by the 
administration of cobalt, but was influenced more consistently by the latter. In 
experiment I the injection of turpentine was associated with the most pronounced 
impairment of weight gain, but in experiments II and III the "turpentine'' groups 
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t“h r ivins c °“' p* 

Total plasma protein levels were reduced in all the groups as comt,L \ ■ l l 
controls, except for group II of experiment II. This was due to ' V,th tbt 

plasma albumin fraction. The data for experiment III whirl, reci “ ctlon >" the 
reliable of those obtained in the three experiments, are illustmed in 

m “ sur " 1 by ,be - * - 



Fig. 4. Alterations in Serum Albumin and Globulin and Total Protein, and Urine 
Urea plus Ammonia Excretion in Each Group of Animals in Experiment HI 


DISCUSSION 


Since the anemia associated with infection is known to be refractory to therapy, 
it is of great interest that the administration of cobalt appears to overcome the 
retardation of hemoglobin formation which is produced by inflammation. Eluci- 
dation of the mode of action of cobalt might be expected to yield valuable infor- 
mation concerning the pathogenesis of the anemia of infection. 

As yet, however, the mode of action of cobalt in polycythemia in norma 
animals is not known. It has been reported that the feeding of liver 3 or the mjx 

cion of liver extract 23 ,2J or of ascorbic acid 25 tends to counteract or nullify the ecct 
of cobalt. Cobalt did not produce polycythemia in splenecromized rats-'' or v cn 
the diet was deficient in iron or copper . 27 In fact, in the absence of copper, an: 
mia developed . 27 When cobalt was fed prior to the addition of iron an coppc ’ 
the normal response to such supplements given to dogs made anemic by hemon 
was inhibited . 26 The report of Barron and Barron 20 that small amounts 
inhibit the respiration, in vitro , of various tissues, notably of reticulocytes an 
marrow, could not be corroborated by Warren ct al . 29 It was also tmns 
the latter workers that the erythroid hyperplasia of bone marrow m 


cythemic animals is independent of whether or not 


the marrow has an intact pc- 
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ripheral innervation. They suggested as a mode of action of cobalt that there is 
some effect on the liver whereby the formation there of metabolic precursors requi- 
site for red cell production is enhanced. That the action of cobalt may be based on 
a neural mechanism is an hypothesis arising from the reports of Davis 30 that choline 
and certain other vasodilator drugs depress or prevent the polycythemia which 
follows cobalt administration. Griffith et al . 31 have proposed that interference with 
cellular oxidation with the formation of complexes wich sulfhydryl compounds, as 
for example with glutathione, may be the stimulus to the hemopoietic system 
which causes cobalt polycythemia. These investigators observed that methionine, 
cystine, and cysteine decrease the toxicity of cobalt. Since choline is metabolically 
related to the sulfur-containing amino acids, its counteracting effect on cobalt 
polycythemia might be explained in the same way. Orten and Orten 11 suggested 
that cobalt overcomes anemia due to protein deficiency in rats by making more 
available for hemoglobin synthesis the proteins of the “metabolic pool.’’ 

Kato and lob 32 found that the spleen and bone marrow of dogs and rabbits fed 
cobalt in addition to iron contained less iron than those of animals given iron 
alone. This would suggest a more complete utilization of iron for erythropoiesis in 
the presence of cobalt. Whatever might be the means whereby cobalt accomplishes 
this, such an explanation is consistent with and could explain our own observa- 
tions. Studies in this laboratory have shown that the hypoferremia associated with 
infection is not due to a lack of iron and cannot be corrected by infusing iron intra- 
venously 33 but must be assumed to be due to some disturbance related to iron 
metabolism whereby the utilization of iron is affected . 33 This fault would appear 
to be corrected in whole or in part by the administration of cobalt. 

It is of interest that the plasma iron level of rats given cobalt (group IT) was 
lower than in the controls and that the erythrocyte protoporphyrin was increased. 
The hypoferremia is consistent with the assumption that hemoglobin synthesis is 
accelerated by cobalt. A rise in erythrocyte protoporphyrin is associated, according 
to Watson, Grinstein, and Hawkinson , 35 with normoblastic activity of the bone 
marrow, a feature which has been observed repeatedly in cobalt polycythemia . 8 ' 0 

The observations cited in the present report would indicate that neither cobalt 
nor turpentine seems to increase protein catabolism, since no appreciable difference 
was found in urinary nitrogen (urea plus ammonia) excretion. The normal nitrogen 
excretion of the rats receiving only cobalt (group II) would support the opinion of 
several authors 7 ' 9 that cobalt is noc toxic in the doses ordinarily needed to produce 
polycythemia. The lower growth rate may be explained by a decreased food intake, 
since Frost et al. 2s claim that cobalt produces anorexia. Unfortunately, food intake 
was not measured in our animals. 

It is proposed to repeat and extend in larger animals the studies reported here, 
since thereby it may be possible to carry out more derailed observations than are 
possible in the rat. 


SUMMARY AND CONCLUSION'S 

The influence of cobalt on the anemia associated with inflammation has been 
studied in three experiments involving observations in 10S rats. 

It was found that by the simultaneous administration of cobalt the anemia asso- 
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dated with inflammation, as produced by the injection of turpentine, could k 
prevented from developing and polycythemia appeared instead. 

This effect was accompanied by hypoferremia and an increase in ervrhro-vtc 
protoporphyrin values similar to those encountered when anemia develops in asso- 
ciation with inflammation. t 


Similar, though less marked, chemical changes were observed when only cobalt 
was given and polycythemia was produced. 

A decrease in plasma albumin was noted in rats injected with cobalt or turren- 
tine, or both, but this was not accompanied by an increased excretion of urinary 
nicrogen as measured by the urine urea and ammonia. 

The observations cited are consistent with the hypothesis that cobalt favorably 
influences the utilization of iron for the synthesis of hemoglobin. 
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MONOCYTIC LEUKEMIA 

A Case Report Illustrating Variations in the Clinical Picture 


By Arthur E. Rappoport, Lt. Col., M.C., A.U.S., 
and Victor H. Kugel, Major, M.C., A.U.S. 


T HE subject of monocytic leukemia is beclouded with controversy and unsolved 
biological, cytological, and clinical problems. Thefull understanding and solu- 
tion of these questions can be furthered by the recognition of the variegated fea- 
tures of this disease. Conversely, failure to appreciate this aspect leads to erroneous 
conclusions and apparently irreconcilable divergence of opinion. Thus, a survey of 
the literature uncovers a variety' of interpretations that are frequently diametritalh’ 
opposed. We believe that this paradox is, in part, due to failure to appreciate fully 
the natural history of monocycic leukemia. 


Although most authors agree that monocy'tic leukemia is a distinct entity, this 
has not been universally' accepted. My'elocytes and immature forms resembling 
rny'cloblasts may' be found in monocy'tic leukemia and, conversely, the transient or 
persistent appearance of monocytes in myelogenous leukemia has been reported 
frequently'. Naegeli, 33 Rosenthal, 3S and others deny the existence of monocytic 
leukemia per se and admit only a monocytic phase of myelogenous leukemia. 
Naegeli 33 believed the monocy'tosis in myelogenous leukemia is a "reactive mono- 
cytosis," while Hitcmair 22 suggests that it is a "mesenchymal reaction.” Campbell, 
Henderson, and Croom, 5 on the other hand, explain the myelocytic reaction during 
monocytic leukemia as an "irritative phenomenon (myeloid phase)" secondary to 
monocytic infiltration of the bone marrow. This antithetical argument, in which 
both sides utilize the same line of reasoning to support their views, stems primarily 
from the obscure origin of the monocyte and the lack of knowledge concerning ns 
immature precursors (Jaffe 21 ). Thus, in 1934, only zi years after the initial report of 
monocytic leukemia by Reschad and Schiliing-Torgau, 35 Forkner ls could enumerate 
19 views as to the probable source of the monocyte. 

The theories concerning this cell’s origin fall into three main groups. Naege t 
supports his concept that monocy'tic leukemia is a form of myelogenous leu enua 
by denying che existence of the monoblast and by declaring that the cell in 9 UM ' 10 J’ 
is a varienc of the my'eloblast. This cell he terms a para-myeloblast, a'ieu " 
has secured considerable support. On the other hand, many authors e te ^ 
the monocy'te can be traced back to one or more components of the ! ’ a ‘ cu 
theli.il system (RES). Thus, either the reticulum cells or the endothelial te ^ 
vidually have been incriminated by some writers, while ot ^ 

all parts of the RES can contribute to monocytopoiesis.' 1 
opinion is expressed frequently that the RES product 
histioblasc (which is identical with the monoblast), ^ ^ 
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;s an immature cell, the hcnio- 

and that this ceil subsequently 
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develops into a monocyte. This immature cell is not identical with and does not 
resemble the other direct derivative of the RES, the histiocyte (macrophage). 10 - 11 
Other writers prefer to consider a stem cell as precursor. 8 - 27 - 41 In a later publica- 
tion, Doan and Wiseman 14 state that the general, loose, reticular mesenchymal 
connective tissue is the site from which the monocytes develop. To a certain extent 
this opinion is shared by Bock and Wiede 2 and Jaffe, 24 who believe that fibrocytes 
may develop into monocytes. Jaffe 24 considered this tissue to be an undifferentiated, 
blood-forming, germinal system which is not identical with the RES but which 
represents mesenchyma, a concept which concurs with the theory of Doan and 
Wiseman. 14 Campbell, Henderson, and Croom 5 also invoke the stimulation of a 
stem cell which differentiates either into monocytic or myelocytic cells. 

An additional difficulty in securing a precise definition of monocytic leukemia is 
found in the indefinite descriptions of the histologic changes in this disease. Full 
use of supravital and differential staining technics has not been the rule. Jaffe 24 
states that many authors do not differentiate between stem cells and monocyto- 
poietic cells nor do they draw a distinct line between myeloid hyperplasia and 
metaplasia. He and others, for instance, have observed erythrophagocytosis in the 
peripheral blood in the monocytic phase of myelogenous leukemia, while DiGugli- 
elmo 12 emphasi2es that the cells of monocytic leukemia never contain red cells, 
cellular debris, or iron pigment; this is a typical lack of agreement which is repro- 
duced so frequently in the literature. 

While many authors state that monocytes and promonocytes are oxidase posi- 
tive, there is no unanimity of agreement concerning this reaction. Foord, Parsons, 
and Butt 17 failed to observe a positive oxidase in 3 cases. Campbell, Henderson, and 
Croom 5 found the peroxidase reaction to be positive in only a minority of the cells; 
it was very fine and not the coarse, gross reaction seen in myelocytes. They thought 
that these cells resembled the blood histiocytes of Dameshek rather than true 
monocytes. Osgood 34 did not believe that the peroxidase is of any value in differ- 
entiating monoblasts from myeloblasts or lymphoblasts and felt that the oxidase- 
positive granules found in monocytes are, in reality, engulfed inclusions of degen- 
crating granulocytic cells. Doan and Wiseman 14 considered the oxidase-positive 
granules in monocytes to be different in location and degree from those seen in the 
granulocytic cells. 

It should be pointed out also that various authors admit the considerable diffi- 
culty encountered in distinguishing and identifying the various cells under dis- 
cussion. Merklen and Wolf 29 state that the only certain way they could identify the 
monoblast was by the presence of large numbers of monocytes. Isaacs 23 thought 
that finding all gradations between monoblasts and monocytes was helpful in 
identifying the various cells. The fact that monocytic leukemia is a relative new- 
comer to the leukemias also indicates the difficulty in cytologic differentiation. 

To establish some degree of order in this otherwise chaotic and contradictory 
mass of information, Gittens and Hawksley 19 presented a classification of leukemic 
monocytosis based on the segregation into one group of those cases showing spe- 
cific involvement of the RES or cases showing a generalized monocytic infiltration; 
the cases of monocytosis with the histological features of myelosis were placed in 
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another group. Using as thar criteria the characteristic alterations of the reticulum 

in relation to the predominating blood cell, Campbell, Henderson and Croori 
c asstfted reported cases into those showing 0) hyperplastic reticulum without 
blood monocytes; (i) hyperplastic reticulum with increase in blood monoevm 
and (0 no particular cissue or reticulum formation but demonstrating purely blood 
cell differentiation into monocytes and granulocytes. 

The most popular classification at the present time is that of Downey, 15 who 
divides monocytic leukemia into two main groups. The differentiation is based oa 
00 the derivation of the predominant cell, (Pj the distinguishing characteristics of 
this cell, and (r) the histopathologic changes which occur in the blood-forming 
organs. The firsc group he terms the Naegdi type, since it is considered a variant of 
myelogenous leukemia, a view first expressed by Naegeli, who favored a myelo- 
blastic origin of the monocyte. In this form transitional stages between myeloblasts 
and monocytes may’ be observed in blood and bone marrow. Often this type termi- 
nates without significant alterations in the blood picture. At autopsy, infiltration of 
large mononuclear cells unassociated with hyperplasis of the reticulum can be 
found in the hematopQietic organs. A small percentage of cases terminate with the 
picture of myelogenous leukemia with characteristic changes in the blood- 
forming organs. 

The second, or Schilling type, on the other hand, shows transitions between cells 
of the RES and monocytes. This is associated with systemic and excessive hyper- 
plasia and proliferation of the reticular tissue in blood-forming organs, with differ- 
entiation into monoblasts and the appearance of reticulo-endothelial cells, mono- 
blasts, and monocytes in the blood. Because of this relationship, the terms "retic- 
ulo-cndotheliosis," "reticulosis,'' and "leukemia reticulo-endotheliosis” have 
been used synonymously with monocytic leukemia by some authors, while others 
distinguish "leukemic or aleukemic reticulo-endotheliosis'' from ' nonleuketmc 
reticulo-endotheliosis." Downey, 15 Osgood, 31 and others believe that these terms 


should not be used to denote monocytic leukemia. 

Baserga 5 introduces a line of reasoning in this problem which perhaps may sene 
to breach the schism. He states that the appearance of an erythroblast in myeloge 
nous leukemia does not make this an erythro-myelogenous leukemia, there ore, t c 
presence of myelocytes in monocytic leukemia does not necessitate the diagnosis o 
monocytic-myrnlogenous leukemia. It is still monocytic leukemia. 

The hematologic differentiation of the Schilling type may be quire t cu ^ 
those instances of symptomatic, transient monocytosis due to sepsis eats, m « < 
an increased number of monocytes and hy r perplasia of the RES are oun ^ 
stances of reticulo-endotheliosis due to intoxications and grant) omatous r 
(syphilis, tuberculosis, Hodgkin’s disease, and lupus erythematosus), ^ 
leukemoid monocytic reaction may be encountered. Doan an « ^ ^ 

dicated a possible relation between the monocytosis m H°dg 'i , mono . 

of monocytic leukemia. Ewing 16 states that many authors an a!lit d 

cytic leukemia with tuberculosis. Rosenthal and Abel ^ 3graD ulocy- 

phenomcnon— leukopenic infectious monocytosis sometim 


r.osis. 
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The literature depicting the clinical features is likewise contradictory. Forkner, 18 
Dameshek, 10 - 11 Mitchell, 30 Osgood, 34 Campbell, Henderson, and Croom, 6 and 
others have stressed the striking frequency of tumefaction of the gums and the 
presence of ulcerative mouth lesions in monocytic leukemia. On the other hand, 
Watkins and Hall, 45 Wintrobe, 47 Jaffe, 24 and others do not regard these gum changes 
as characteristic or exclusively representative of this disease. The data of Watkins 
and Hall 45 may clarify this divergency, however, inasmuch as 3 out of 9 acute, and 
i out of 14 chronic Naegeli types showed gum involvement in contrast to the com- 
plete absence of this change in all of the 6 patients of Schilling type. Doan and 
Wiseman 14 originally believed that there is no clinical syndrome which is pathog- 
nomonic of monocytic leukemia and which can differentiate it from other types; 
however, recently they 13 ' 48 have reversed their previous stand and feel that gum 
changes are typical of this disease. Watkins and Hall 45 affirm that there is no 
essential clinical difference between this and other leukemias. 

The course of the disease is usually acute. Jaffe states that “true chronic mono- 
cytic leukemia has not yet been described, and I think that when a case of mono- 
cytic leukemia lasts long enough, it sooner or later turns into a myelosis . ' ’ Naegeli 
also believes that “it [monocytic leukemia] is a temporary variant of myelogenous 
leukemia, into which it passes unless death intervenes.” In Osgood’s 34 series of 147 
cases, 77 per cent {acute group) lived six months or less, 13 per cent existed from 
six months to one year (subacute group), and only 10 per cent (chronic) lived more 
than one year. In Watkins and Hall’s 45 series there were of the Naegeli type, 
with duration from five weeks to six years, while the 6 Schilling types lived from 
seven weeks to twenty-seven months. 

Sex predilection in this disease seems to be agreed upon. Osgood 34 noted that 
over two thirds of his cases occurred in males, a relationship which has also been 
mentioned by others. There is some tendency to remission in acute monocytic leu- 
kemia, as Campbell, Henderson, and Croom 5 have indicated. The incidence of this 
disease is calculated at 3 per cent to 9 per cent of all leukemias by Osgood, 34 and 
Rosenthal and Harris 40 suggest that this relative incidence is about that of the 
various types of cells in normal blood. 

The differential diagnosis of monocytic leukemia, especially in the subacute 
stage, where atypical cases are more likely to be found, poses many difficulties. 40 
The group of cases displaying a normal or leukopenic white count and showing 
atypical, immature forms of monocytes, nucleated erythrocytes, and myelocytes 
requires intensive study and prolonged observation for eventual clarification. 25 The 
degree of anemia has been noted frequently to be more severe 1 and hemorrhagic 
phenomena arc more likely to occur 46 in such cases than in typical instances of 
chronic or subacute leukemia of other types. The differential diagnosis between 
monocytic leukemia and agranulocytosis, purpura, aplastic anemia, splenic neutro- 
penia, splenic panhematopenia, and other leukemias often will depend solely upon 
the results of bone marrow examinations. The presence of “reactive” or “irrita- 
tive phenomena, as mentioned above in connection with “mixed” types, or the 
leukemoid reaction in those nonleukcmic states of inflammation or intoxications, 
must be considered and evaluated in the differential diagnosis. 
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In the last analysis, the diagnosis must be established by the morohoW.Y I 

iDDb C m'Tk ° f the prcd0m,n2nng cdl as rcvealed b r the fullest utilization of j 

PP b C laboratory technics. These should include daily, complete blood counts 
examinations of fixed and supravitally stained smears of the peripheral blood and 
requent bone marrow aspirations. Biopsy of lymph node and skin nodules fre- 
quently offers valuable information, especially when Gicmsa, azure-eosin, and re- 
ticulum stains are used. The oxidase test should be employed in fresh smears and 
frozen fixed tissues. Darkfi eld observation' often clarifies the position, degree, and 
type of cytoplasmic granules within the monocytoid cell. We do not agree with 
Hall- 1 or Bloom 4 as to the unreliability of the supravital technic in identifying these 
cells, although we agree that one should not attempt to establish the diagnosis fil- 
th is single technic alone. 

The purpose of the foregoing discussion has been to indicate the difficulty in 
delineating the clinical syndrome and the cytologic characteristics of monocytic 
leukemia. Aside from conflicting theoretical concepts , some of the confusion is due 
to incomplete reports in which necropsy descriptions are lacking or are sketchy, 
and the histologic analysis has failed to utilize the differential staining technics 
described above. In addition, continuity of observation of this disease, from onset 
of symptoms to eventual death, has often been lacking and, furthermore, r he im- 
pression is gained that some observations are not as devoid of preconceived con- 
victions as is desirable. We believe, as we shall illustrate by the case to be presented, 
that prolonged, intensive, clinical and laboratory observation will lead to an 
appreciation of the vagaries of this disease. Such observations have led us to the 
belief that sonic of the discrepancies in the literature can be synthesized into an 
organically unified and acceptable concept. 

CASE REPORT 

This iS year old white male had been under intermittent observation for over nine months (becaasr of 
headaches resulting from repeated head injuries} before the initial manifestations of his eventually hid 
iffness became apparent. Figures 1-3 and table 1 chronologically present the voluminous clinical as 
laboratory data in graphic form. , 

In November 15)43 the blood count was normal. At that time the headaches ttere oun to . n. t 
traumatic encephalopathy. Four weeks later the patient contracted an apparently simple upper ropi . 

infection. Within 14 hours he was acutely ill and febrile and he developed eerweal a enopat ) an 
palpable spleen. A blood count revealed a relative leukopenia and severe granulocytopenia. 

No ctiologic factor could be ascertained as responsible for this granuloptnic state, entn 
administered for seven days in adequate dosage but the illness progressed alarming > . 

toxicity, fever, tachycardia, pharyngitis, tonsillar ulceration, hyperplastic gmgn ltl f* r . 
athy, and splenomegaly. On the fourth day of illness, penicillin thcrapj «as ' DS! ' 4 “' ‘ . 
receiving zj ,000 units intramuscularly every three hours. Clinical ^ u ^ Aotin lie 

* ... . r. f -l/:„ 


14 hours, although he developed an additional tonsillar ulcer and ^a harassing coug - 
patient was no longer critically iff the notations began to heal and dis- 

administered for a total of ten days and was finally disconttnued when all signs V V 


appeared. 


j abnormalities on fiff 


During this remission the pacienc was asymptomatic, afebrile, an w c ^ ^ ] cn k 0 ptm»- 

ical examination. Blood counts, however, disclosed slow y ^ , jbor atoty 

Thus, the second arrack of agranulocytosis, of x5 days iutaxto ’ ' f; , tess Qwvluy -h m')*?*** 
9 days prior to the onset of signs and symptoms. On the 37 1 
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evident. There were fever, early gingivitis, mild pain in the neck and jaw, and rectal discomfort from 
perianal inflammation. Increasing pharyngitis, cervical adenopathy, and trismus soon became evident. 
Intramuscular penicillin therapy was resumed on the 39th day and the patient received a total of 160,000 
units daily. At this time the gingivae were inflamed and hyperplastic so that the teeth were partially 
buried, an erosion appeared at the angle of the mouth, there was a necrotic ulceration behind a left lower 



Fig. 1. Composite Graph, Plotted on Semilogakithmic Paper, op the Hematologic 
and Clinical Observations prom Nov. ll, 1943, to Fed. 15, 1944 
Red blood cells (R.BC); white blood cells (WBC); polymorphonuclear granulocytes (PMN); mono- 
cytes (Mon); immature monocytes (Immat). 

molar tooth, and the perianal inflammation had spread extensively. After 48 hours of penicillin therapy, 
in the presence of a maximum white blood count of i,$oo with 4 per cent granulocytes, there was striking 
clinical improvement; the temperature did not rise above 100.6 degrees F., and there was notable reces- 
sion of the mouth lesions and the perianal inflammation. Despite the fact that the white blood count did 
not rise above 1,000 cm. with la. per cent granulocytes, the mouth and anal lesions healed promptly al- 
though the lip erosion required another week for cpithelization. 

The first sterna! marrow aspiration was performed after this second agranulocytotic episode on Fcbru- 
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ary 7, 1944, the 54th day of illness (table 1). The peripheral blood and sternal marrow smears were s-J. 
mitted to several consulting hematologists. All opinions were conflicting and differed in the classidcaciec 
and interpretation of the cells of the mononuclear group. The majority opinion was that the findings ire; 
suggestive of, but not conclusive for, leukemia. 
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weight loss, and the progressive development of an aplastic anemia syndrome. From the 8oth to the 119th 
day of iliness, however, there was a spectacular improvement in the hematologic status. Blood smears 
showed a classical 'Teukemoid' ' reaction and all blood elements returned to normal limits rapidly asso- 
ciated with recovery of weight, strength, and sense of well-being. A sternal marrow aspiration was per- 
formed and it was reported that the previous provisional diagnosis of leukemia could not be 
substantiated. 

There followed a clinical and hematologic remission of approximately three months' duration, during 
which time the patient was transferred to a hospital near his home where he was again under the obser- 



Fig. 3. Composite Graph of Hematologic and Clinical Observations 
from July 14, 1944, to Sept, lx, 1944 


'anon of the same medical officer (VHK). The previous suspicion of leukemia could not be established by 
the admission studies. 


A fourth episode of granulocytopenia began on June 2.6 and was treated promptly and exclusively svith 
penicillin. Mild fever was the only clinical indication of possible infection. In view of a nondiagnostic 
sternal aspiration, a nondiagnostic thrombocyte count, the presence of phagocytosis of red blood cells 
and possibly of white blood cells, and the general nonconformance to a leukemic picture, consideration 
ol sp.cnic neutropenia (Doan and Wiseman") was entertained. An exploratory laparotomy svas performed 
0. the purpose of securing diagnostic material. No abdominal adenopathy was observed; the liver svas 
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of Bone M arrow Studies 
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Fig. 4. Smears of the Peripheral Blood in’ the Terminal Stage, Showing 
TI,E ieiation in Appearance of the Monocytic Cells 
I be lobulation and grooving of the nuclei, and the granulation of the cytoplasm are dearly <S:noo- 
strated, while the irregular size and shape of the cells is evident (X 1515.) 
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not unusual, but because of its increased size the spleen was removed. The results of the histologic exami- 
nation of this organ are included in the autopsy report. 

There was clinical and hematologic improvement for a short period after splenectomy. The white cell 
count rose to normal limits but significant numbers of immature monocytes appeared. After eight days, 
however, granulocytopenia recurred and penicillin was again administered. Although no overt signs of 
sepsis appeared, the course was now febrile and remained irregularly so until death. 

In addition to loss of weight and strength, there were complaints of bone pain, mainly in the sternum 
and ribs, and left flank pain. Neither x-rays of the bones nor a complete genito-urinary survey yielded 
positive findings. 

A fifth episode of granulocytopenia, without mucocutaneous lesions, occurred in the latter part of 
August 1544 and was again treated with penicillin, but with no effect on the elevated temperature. A 
progressive leukocytosis appeared, which eventually reached 280,000 cm., composed mainly of atypical 
monocytes and monoblasts. During this terminal phase there were severe vomiting, complete anorexia, 
constant pain in the ribs and sternum, abdominal pain, fever, tachycardia, and psychosis. An electro- 
cardiogram obtained 20 minutes prior to death on September 22, however, revealed only tachycardia and 
very low voltage of all waves. Death occurred from acute circulatory failure nine and one-half months 
after the onset of the illness. 


hematologic features 

Analysis of the hematologic data requires precise cytologic descriptions for an 
exact definition of the monocytoid cells concerned in this disease. The following 
characteristics are based on daily examinations of fixed and supravitally stained 
smears of peripheral blood and of periodic bone marrow aspirations over a period 
of nine and one-half months (fig. 4). 

The monocyte is usually larger than the granulocyte; its cytoplasm is opaque, 
mottled, gray-blue, and contains azurophilic granules. The cell margins are ser- 
rated and irregular. The nucleus is reniform or horseshoe-shaped and possesses a 
lacy, skein-like, coarse chromatin weave. "Grooving,” "crumpled appearance,” 
"lobulation,” "indentation,” and "folding upon itself” are characteristic terms 
used in denoting this peculiar configuration. With supravital stain, numerous neu- 
tral red or salmon-pink colored bodies, vacuoles, are symmetrically arranged 
around a centrosphere located in the bay (Hof) of the nucleus. This structure is the 
rosette which is considered so typical of the mature monocyte. Green-tinged mito- 
chondria arc small, fine, and few, and are located peripherally to the rosette and 
nucleus. The cell's motility is very typical and specific and is best described as a 
‘sliding" or "gliding" motion, the cytoplasm flowing extremely sluggishly and 
the contour of the cell being wavy or undulating. 

The monoblast measures from 15 to zo mu in diameter. In fixed, stained smears it 
possesses a basophilic cytoplasm containing no granules and, distinctively, no 
Auer bodies. The nucleus is round, large, and centrally situated; its chromatin is 
fine, stippled, and sieve-like, and usually possesses two nucleoli. In supravitally 
stained preparations, motility, neutral red bodies, rosettes, and vacuoles are absent. 

Between these poles of maturity, one notes a group of cells demonstrating a vari- 
able degree of differentiation. The cytoplasm displays a lesser degree of basophilism 
than the monoblast and occasional azurophilic granules are present. The nucleus is 
coarser than that of the monoblast but, in contrast to the monocyte, discloses a 
finer and more lacy chromatin network. Occasionally nucleoli are observed. The 
nucleus shows early indentation of its rather sharply delineated membrane. With 
supravital stain, neutral red bodies are present, although they are much finer and 
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:T Tf rm ? Si2 \ and Shape; they are morc diffusel >' arranged throughout th- 
ccll and do not form the typical rosette of the mature monocyte. Motility! r r «cm 

at times but it is less active and often is not present. Occasionally in both fad M j 
supra vi tally stained preparations, erythrophagocytosis is detectable. This inter- 
mediate form, which can he termed the promonocyte or immature momeytt , shows no 
transitional developmental forms to cells of the myelocytic series, and its relation, 
ship to the monoblast and the monocyte can be readily demonstrated. The presence 
of this intermediate atypical group has been mentioned previously by Osgood !l anJ 
Downey. 15 A noteworthy characteristic of the promonocytic cell observed in this 
case is its unusual shape, since it may be elongated, tailed, grotesquely lobulated, 
or forked. 


The qualitative and quantitative relationships of the monocytoid cells rotht 
other blood constituents may best be demonstrated by inspection of figs. 1-3. For 
the purpose of analysis of this data, we have arbitrarily divided the discussion into 
two phases; namely, the initial period from the onset of the disease (December 
1943) to the first prolonged remission (April-June 1944), during which time the 
clinical and hematologic diagnosis remained in doubt; and the second period, 
following the remission, during which the frank picture of monocytic leukemia 
finally emerged. 

During this firsc period, the red blood cells underwent a progressive reduction in 
numbers, falling to a low of 1,700,000 cm. in February 1944, which continued for 
approximately six weeks. Erythropoiesis was heralded by the appearance of large 
numbers of nucleated red blood cells in the peripheral blood and by polychromasia 
and macrocytosis. 

The granulocytes during the initial period underwent three distinct episodes of 
granulocytopenia, accompanied by an absolute increase in monocytic cells. This 
monocytosis prevented the fall of the total white cell count to a degree commen- 
surate with the granulocytopenia. Similar to the erythropoietic reaction mentione 
above, the remissions of granulocytopenia were introduced bv evidence of granu 
lopoicsis. Particularly in the recovery phase of the third episode of neutropenia, a 
very pronounced myeloid reaction was observed which was characterize ) c : 
appearance in the peripheral circulation cf large numbers of myelocytes an pn> 


myelocytes. _ , r 

Simultaneously with the ebb and rise of granulocytic cells, increase num - 
mature and immature monocytes appeared in the peripheral bloo , r esc < ’ ^ 
mingled with the myeloid elements, created a bizarre and confusing picmt ^ 
separate identity of both myeloid and monocytic cell types cou e ^ ng 

later examinations by means of supravi tally stained smears. There *PF ^ 
transition between the monocytic and granulocytic senes, e s p > shj 

particularly vn.unblc in securing ev.dence .o ™^ he « , ^ 

between the monocyte and the blast forms. The 1 . £ or my c!o- 

numbers and their identification as to whether - n ey vet piso j c ofgranulocfto- 
blascs was difficult. During the recovery phase of the third p 
penia there was a progressive reduction of all monocyoc « ^ fa numb crs on 
The thrombocyte count disclosed moderate transien 



A. E. RAPPOPORT AND V. H. KUGEL 


343 - 


repeated examinations. While the tourniquet test was moderately positive, there 
was only slight tendency toward purpura. 

Following the remission of about three months’ duration, the hematologic equi- 
librium was once again disturbed by the development of profound anemia, leuko- 
penia, granulocytopenia, and the appearance of an abnormal number of mature and 
immature monocytes. After splenectomy there was a transient rise of the white 
blood cells. Attention at this time became focused on the disquieting behavior of 
the monocytoid cell, which now began to increase in numbers and to reveal evi- 
dence of immaturity and atypism. The previous hesitancy and uncertainty over the 
clinical diagnosis and hematologic classification disappeared as the clear-cut pat- 
tern of monocytic leukemia emerged. The terminal phase of the second period pro- 
vided a dramatic scene of tidal flooding of the peripheral circulation by monocytic 
cells, with the white cell count attaining a total of z8o,ooo cells per cm. 

This frankly leukemic reaction was not associated with striking myelocytosis, 
the granulocytic cells being mature and well .differentiated. The clear-cut relation- 
ship of monocyte to monoblast through an intermediate promonocytic stage 
assured the accuracy of the identification of the “blast” cell. This evidence supplied 
confirmation of the tentative designation of "monoblast” to these cells in the first 
phase of the disease. 

Table i reveals the findings of repeated sternal marrow aspirations. 

The first aspiration was performed on February 7, 1944, after the patient had 
experienced two episodes of granulocytopenia. Owing to the marked increase of 
monocytes in the peripheral blood, there was considerable doubt as to the correct- 
ness of the diagnosis of agranulocytosis, although leukopenic infectious mono- 
cytosis (Rosenthal and Abel 38 ) was considered. The marrow aspiration disclosed 
almost 33 per cent mature and immature monocytes and an increased number of 
myeloid elements. These findings, in addition to the other hematologic data, 
seemed to support a diagnosis of monocytic leukemia (Naegeli type). The resident 
hematologist was convinced that the "blast” cells encountered in such large num- 
bers were of the monoblastic variety rather than the myeloblastic. On consultation, 
two other hematologists confirmed the predominence of “blast” forms, but both 
preferred to label them myeloblasts. While one consultant seemed in favor of a 
diagnosis of myeloid leukemia, the other consultant thought that the entire pic- 
ture might fit either a monocytic leukemia or a myeloblastic leukemia. 

The difficulty in distinguishing myeloblasts from monoblasts has been pointed 
out. In this case, however, the high percentage of mature and immature monocytes 
m the bone marrow offers a definite clue in identifying the “blast” cells, inasmuch 
as derivation of the former from the latcer must have occurred in order to explain 
the presence of monocytes in an organ where they are normally rarely found. Thus, 
the presence of a maturation gradient of monocytic elements from the earliest stage 
to adult forms should permit the identification of the “blast” cells as monoblasts. 

tad that the consultants, when they arrived at a diagnosis of myeloblastosis, 
neglected to evaluate the presence of the mature monocytes. 

The second aspiration was performed two and one-half months later, at the 
height of the hematologic remission. The values of the various cellular constituents 
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of the marrow now approximated the normal range and the " 
diagnosis of leukemia could not be substantiated.” 


previous provisional 


The third aspiration was carried out on June zz. The findings of this examination 
were interpreted as indicating a maturation arrest of the granulocytic cells inas- 
much as there was an inordinate increase of promyelocytes. Four days later the 
fourth precipitous decline in total and granulocytic cells in the peripheral blood 
occurred. It is noteworthy that the bone marrow alterations preceded the changes 
in the peripheral circulation by an appreciable interval and heralded an impending 
leukopenia which was otherwise not apparent. 


The fourth bone marrow examination, three weeks later, featured an even more 


marked reduction in the number of myelocytes and mature granulocytes. "Blast” 
cells were also increased and they were classified at this time as myeloblasts on the 
basis of their morphologic characteristics, since, unlike the initial sternal marrow 


examination, there was no accompanying monocytosis. Fig. z, however, discloses 
the presence of large numbers of mature and immature monocytes in the peripheral 
blood, while analogous cells are conspicuously absent in the sternal marrow. Un- 
less this absence were focal and not widespread throughout the bone marrow, it 
would appear that extramedullary monocytopoiesis was occurring in order to 
supply the peripheral blood with these elements. Similarly, myeloid metaplasia 


might be assumed to exist in foci other than the bone marrow. 

The final bone marrow aspiration was performed about one month later, when 
the peripheral blood possessed its normal complement of white cells and granulo- 
cytes. In addition to this, the monocytes were markedly increased and comprised 
both mature and immature forms. The bone marrow picture at this time revealed 
an unequivocal monocytosis and granulocytopenia. These findings were con- 
sidered diagnostic of monocytic leukemia, a conclusion subsequently confirmed. 


ABSTRACT OF AUTOPSY PROTOCOL 

General . The body was that of a zS year old, somewhat emaciated, white male. 
Generalized lymphadenopathy was absent. The surface of the radix mesentern was 
diffusely studded with small, dry, lusterless, firm, white-gray P* ac l u ? S P 05Se ' ' 
central, cherry-red areas. Many small, discrete lymph nodules cou e c 


intermesenteric folds. , , , 

Lungs. The lungs contained firm, circumscribed, moist nodules thr g • 
Thymus. The thymus, markedly enlarged, weighed 65 grams. Ic w 

contained many circumscribed firm nodules. , ■ , vsc acrered. 

Heart. The pericardium and the myocardium were mvolvec, } j 

irregularly sized, gray-pink plaques which extended into t e su 
and the papillary' muscles (fig. 5). „ 1., ,f ter ligation 

Spleen. Splenectomy was performed on July 7, 1344 - m d its cutsur- 

and removal, the spleen weighed 46S grams. The organ was boggy, 

face was moist, dark-red brown. surface was mould 

Liver. The liver weighed 1,400 grams and was enlarg • oun dofdark 

by areas of yellow-gray which were distributed irregularly » a W 


brown. 
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Gastrointestinal tract. The mucosa of the stomach contained discrete nodular 
masses. Several peripyloric lymph nodes of gray-white color were present. Peyer’s 
plaques and solitary follicles were moderately enlarged. 

Kidneys. The parenchyma was ha2y and of light yellow hue. In the peripelvic fat 
of the left kidney there was a bean-sized, poorly demarcated mass of indurated 
tissue which possessed a gray-yellow, moist surface. 

Pancreas. At the tail of the pancreas, in the region of the pedicle of the spleen, 
there was a poorly demarcated, plum-sized mass of red, moist tissue. At the site of 
ligation a mass of white, somewhat caseous necrotic tissue was present, in which 
suture material might still be recognized. 

Bladder, testicles, prostate, brain, and adrenals revealed no gross abnormalities. 



Fig. 5. Photograph Showing Multiple Plaques of Monocytic Infiltration 

THROUGHOUT AlL LaYERS OF THE HEART 

Bone marrow (sternum, vertebra, and tibia) was gray, red, and of mush consist- 
ency. 

Microscopic Examination of Tissues. The common denominator of the changes in all 
organs was the presence of mononuclear cells. The organs were involved by these 
cells either by thrombosis of the blood vessels with resulting circulatory changes 
or by their infiltration in the interstitial tissues. The latter process led to archi- 
tectural alterations which were either circumscribed or diffuse, causing compres- 
sion atrophy, or necrosis of the native cellular components of the organ. 

Tlic prevailing cell was large and polyhedral (fig. 9). The cytoplasm was baso- 
philic on polychrome stain and displayed a violaceous hue with eosin. Specific 
chromophilic granulation was usually absent, although occasionally faint red 
granules could be seen on Gicmsa stain. The nucleus was eccentrically located, was 
of irregular size and shape, and might be round, oval, reniform, horseshoe-shaped. 
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tabulated, or folded upon itself. The chromatin was not densely packed and the 
nuclear membrane was sharply defined. At times multiple nucleoli were noted. The 
chromatin formed a lacy pattern composed of very fine intertwining strands with 
somc’thickening at the nodal points. Mitotic figures could be observed with moder- 
ate frequency. The size, shape, and appearance of the nucleus, and the tinctorial 
reaction of the cytoplasm, especially in Giemsa and oxydase stains, differentiated 
these cells from those of the granulocytic series. 

Lungs. The lungs showed good aeration. Nodules composed largely of mono- 
nuclear cells were distributed throughout the parenchyma. 



Monocytic Crus w 

Fio. 6. Photomicrograph Showing th Heart (Xi&>) 

Interstitial and Adventitial Tissues of ^ 


The capillaries we thc sinusoids. Tfaer pleomorphic. 
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many multinucleated giant cells were present, and phagocytosis of iron, as shown 
by the Prussian blue reaction, was prominent. There was mobilization of the fixed 
reticulum cell elements and transformation, into free monocytoid cells which were 
similar to the monocytic cells found in the peripheral blood. Mitotic figures were 
numerous. Fresh smears of the surface of splenic pulp demonstrated many large 
bizarre-shaped reticulo-endothelial cells in a state of hyperplasia and displaying 
erythrophagocytosis. These cells were closely related to the large peripheral blood 
monocytes. 



Fig. 7. Photomicrograph Showing the Diituse Accumulation of Monocytic Cells 
in the Sinusoids of the Liver Associated with Atrophy and Necrosis or tiie 
Liver Cords (X xco) 

Liver (fig. 7). There was marked necrosis of the liver cells. The cords were 
shrunken and compressed. The Kupffer cells were markedly swollen and were 
choked with pigment, usually hemosiderin. The sinusoids were packed with freely 
circulating mononuclear cells, but the portal triads possessed large accumulations 
of fixed elements. Cells of the myelopoietic series were entirely absent. 

Splenic Pedicle. Sections through the localized tumor of the tail of the pancreas, 
in the region of the ligated pedicle of the spleen, demonstrated large areas of foreign 
body reaction to the suture material. This proliferating granulation tissue was 
characterized by the presence of many engorged capillaries, pigment-containing 
macrophages, and multinucleated foreign body giant cells. Very noteworthy, how- 
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f). High Power Photomicrograph of Tumor of Postoperative Splenic Bed, 

’ Showing the Characteristic Monocytic Proliferation 

Note that the cells arc nor derived from peripheral blood bp migration through the capillaries, 
products of the local connective tissue. (X500). 


bat arc 
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ii ever, is the fact that the predominating cell was the large monocytic cell which has 
Ij already been described in other organs (fig. 8), and many of which demonstrated 
active phagocytosis and a greater degree of pleomorphism than heretofore ob- 
served. It can be clearly demonstrated that the interstitial accumulation of these 
! cells was not the result of migration of blood monocytes through the capillary 
walls but that it represented active adventitial proliferation (fig. 9). This admix- 
Ji ture of monoblastic elements with other derivatives of mesenchyma represents 
j clear-cut evidence of the ability of reticular connective tissue stem cells to differ- 
! entiate into'anonocytes, thus supporting the previously expressed theory that 

! 



F10. 10. Photomicrograph op the Mass in the Renal Hilus, Showing the Broad 
Sheets of Uniform Monocytic Cells Which Have Largely Replaced 
the Submucosal Coats of the Renal Pelvis (X 100) 

monocytes are derived from mesenchymal tissue. Granulocytes, eosinophiles, and 
lymphocytes were almost entirely absent. 

The brain, adrenal, and pituitary glands were not abnormal. 

Lymph Nodes ( Para-aortic and Mesenteriaf). The lymph nodes disclosed almost 
complete obliteration of the follicular structure. The bulk of the parenchyma was 
replaced by large, loosely packed sheets of monocytic cells which resemble those 
seen in the peripheral blood and other organs. The littoral and the reticulum cells 
showed marked numerical increase. The few vestiges of germinal centers were com- 
posed of swollen reticulum cells surrounded by deposits of fibrinous exudate. 
Phagocytosis of red cells, pigment, and nuclear remnants could be observed. 
Kidneys. There was a diffuse and focal monocytic infiltration in the interstitium 
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Fio. ii. Photomicrograph Demonstrating the Broad Sheets op Uni form 
Celts Filling the Bone Marrow Spaces (X 75) 



Fig. ii. Photomicrographs op Bone Marrow, Showing the Uniform 


Tlicrc is almost complete absence of myeloid and erythroid 
blasts are seen. (X 1515 ) 


Monocytic Proliferation , 

elements, while only occasional note 


of the adventitial tissues in the mid-portion of the organ- Th . e su ^. mi|af to ' ( hos: 
the large node in the renal pelvis were com 
already described (fig. 10). 


nodule and 

posed of monocytic cells similar to; 
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Bone Marrow. Sections of medullary tissue of sternum, vertebra, and tibia dis- 
played solid sheets of mononuclear cells which exhibited, in very typical manner, 
the morphologic characteristics concerned in this disease (figs, xi, ii). Cells under- 
going mitosis could be found in abundance. Plasma cells and megakaryocytes were 
extremely rare. Except for an occasional eosinophilic myelocyte or granulocyte, 
there was almost complete absence of granulopoietic and erythrocytic precursors. 
A few monocytic cells possessed very faint, red granulations on Giemsa stain. This 
phenomenon may represent stem cell proliferation with slight differentiation to- 
ward the myeloid series. Oxydase stains of lymph node, liver, spleen, and bone 
marrow were completely negative. 

Thymus. The normal architecture of the gland was altered by the presence of large 
sheets of pleomorphic monocytes which replaced the normally present thymocytes 
and medullary cells. 

Pituitary. The pericapsular tissues and the anterior lobe were infiltrated by mono- 
cytic cells while none were seen in the posterior lobe. 

DISCUSSION 

The foregoing clinical and laboratory observations clearly indicate the erroneous 
conclusions which might have been drawn from single observations limited to a 
particular phase of this disease. Thus, at various times the features of agranulo- 
cytosis, aleukemic myeloid leukemia, aplastic anemia, leukemoid monocytosis, 
leukopenic infectious monocytosis, chronic splenic panhematopenia, and reticulo- 
endotheliosis were depicted. Since monocytic leukemia can pursue such an erratic 
course, it is not surprising that attempts to confine this syndrome within rigid 
limits have been unsuccessful. 

Certain clinical features merit comment. The frequency and significance of hyper- 
plastic gingivitis in this disease have been the subject of debate. A well marked 
gingivitis was recurrently present in this case in the earlier phases of the disease. 
Why, however, did this feature disappear when the full-blown manifestations of 
monocytic leukemia became apparent? It is clear that the statistical presence or 
absence of this sign depends somewhat on the period of observation. The striking 
clinical and hematologic remission is also noteworthy. 

Granulocytopenia as an expression of occult leukemia is well recognized. Never- 
theless, the clinical picture here was initially that of "idiopathic” agranulocy- 
tosis. The abrupt febrile onset, the rapid appearance of necrotizing and ulcerative 
lesions, and the prompt response to penicillin therapy favored this impression. 

Ku gcl and Schnitker 2C have reported the value of penicillin in agranulocytosis 
elsewhere. This case was unique in affording controlled studies of the therapeutic 
effectiveness of penicillin compared with the usual agents employed in this disease. 
Penicillin therapy, instituted after the development of severe oral and perianal 
inflammation, resulted in prompt and dramatic improvement despite continuing 
granulocytopenia. Subsequent episodes of agranulocytosis were treated by peni- 
cillin alone; neither mucosal ulceration nor sepsis was detected clinically or on 
postmortem examination. From these observations it was concluded that penicillin 
'\as effective in combating the bacterial invasion of mucous membranes which 
rcquently occurs when there is marked diminution or absence of circulating granu- 
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locytcs. A corollary observation is that the effectiveness of penicillin j „ ■ 
independent of the granulocyte. Penicillin has no effect on leuiL! Z \ , ? 
pro ongation of life through control of sepsis permitted this case to pursue the' full 
gamut of monocytic leukemia symptomatology. 

Our case conforms with most of the previously reported instances ofmonocyri, 
leukemia in that this was a relatively acute illness in a young male. A strife 
feacure of this syndrome was the contrast between the paucity of clinical nun- 
ifestations and the progressive severity of the disease. The extensive pancardiac 
involvement was not detected clinically although an electrocardiogram tab 
shortly before death revealed nodal tachycardia and low voltage of QRS and T 
waves. Changes frequently noted in leukemia were either absent or unimpressive. 
Lymph adenopathy, splenomegaly, and hepatomegaly were mild; purpura and leu- 
kemic infiltrations of the skin were absent. Sternal pain and bony tenderness were 
present terminally only, at which time the liver had enlarged to 1-3 finger-breadths. 

Similarly to the granulocytopenia, the relationship of the anemia zo the leukemic 
process was somewhat obscure. Whereas the anemia was most pronounced in the 
early stage of the disease, this degree of anemia was not approached in the terminal 
stage. Some factor other than mechanical displacement of erythtoid tissue mustk 
logically assumed to explain not only the early profound reversible anemia but also 
the striking crythropoiesis during the remission period. It cvaS also observed tbit 
large numbers of nucleated red blood cells appeared in rhe peripheral circulation at 
a time when samples of che bone marrow showed almost complete cffacemcntcf 
crythropoiesis. Generally there were persistent attempts at regeneration of red 
blood cells as manifested by the presence of macrocytosis and polychromasia. 

As previously noted, there are a number of conflicting interpretations of the 
myeloid component of monocytic leukemia. Support for several of these diverged 
opinions could have been obtained from our case depending on the moment of 
observation. Thus, examination of the peripheral blood at times suggested a Na. 
gcli type due to the increase of myelocytes compared to monocytes. Myelocjto 
were particularly numerous in the granulocytopenic episodes and even moreninttf 
ous in the recovery episodes. It is significant that in the prolonged preremtssto 
period following the first 3 episodes of granulocytopenia, the periphera 
assumed a strong Jeukemoid character that went hand in hand with the K ^ 0I * n 
of a normal hematologic status. On the other hand, in the later stages 0 
ease, as the frank monocytic leukemia progressed, this myeloid reaction im 
markedly. We believe that this myeloid reaction was, for the most part, ^ 
pression of the bone marrow reactivity to the agranulocytosis an vu 
expression of the monocytic leukemia. In part, too, the monoc y f ic 

elements in the blood may be an irritation phenomenon ^ Cf00ffl .i 

infiltration of the bone marrow as suggessed by Campbel \ re . 

The contention of Baserga, 3 previously quoted is certain /t-^^dendfication of th« 

Supravital and Romanowsky stains proved adequa e ho!og j c choc- 

monocytic cells in the peripheral blood. In addition ' pro monocyt«, 

teristics of these cells, the simultaneous W* 

and monoblasts in the bone marrow further the rdentiftcat 
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one of the main stumbling blocks in the establishment of monocytic leukemia as an 
independent entity. This association of mature and immature forms in the bone 
marrow deserves emphasis. Because of the sporadic appearance in the blood of 
bizarre-shaped, forked and tailed mononuclear cells, one might have interpreted 
their presence as representing a benign reticulo-endotheliosis rather than mono- 
cytic leukemia. But, again, this impression would have been based on momentary 
observation and could not be borne out by prolonged study. 

The gross findings at autopsy were generally unimpressive. As usual in mono- 
cytic leukemia, the involvement of the liver and lymph nodes was relatively mild 
and did not approach the degree usually found in either myeloid or lymphatic leu- 
kemia. Rather unusual, however, was the extensive leukemic infiltrations of the 
heart and thymus. The diffuse leukemic alterations in the omentum and the renal 
pelvic tissues are noteworthy, and the monocytic tumor formation at the site of 
ligature of the splenic pedicle is believed to be particularly significant. These mono- 
cytes are believed to have been derived from the local mesenchymal, adventitial, 
or reticular connective tissues. Their presence is therefore an indication of the re- 
tention of monocytopoietic potency by this tissue and may be looked upon as an 
expression of mesenchymal proliferation, a belief that has been advanced by Doan 
and Wiseman , 14 Jaffe , 24 Hadfield and Garrod , 20 and others. The site of origin of the 
monocyte should not be limited specifically to the RES, as many writers have pro- 
" posed, but should be included in the broader concept of mesenchymal proliferation 
and differentiation. This concept would aid in resolving many of the conflicting 
opinions concerning the origin of the monocyte. 

From all of the foregoing observations, it appears that the distinction between 
the Schilling and Naegcli types of monocytic leukemia is more apparent than real 
and does not deserve the rigid segregation frequently employed. A similar conten- 
tion has been advanced by Campbell, Henderson, and Croom 6 and Custer . 9 


SUMMARY 

Monocytic leukemia is an entity that has engendered a variety of divergent 
clinical and histologic opinions. A case is presented in which prolonged and in- 
tensive clinical and laboratory observations demonstrate the erratic course of this 
disease and illustrate the erroneous conclusions that may be derived from incon- 
stant, momentary observations of this dynamic process. Study of the "natural 
history’ ’ of monocytic leukemia yields observations which tend to reconcile many 
of the hitherto conflicting opinions regarding this disease. 

The origin and characteristics of the monocytic cell are discussed, and its prob- 
able derivation from mesenchyma is emphasized. 
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ELECTROCARDIOGRAPHIC FINDINGS IN LEUKEMIA 
By Samvel F. Aronson, M.D., and Elie Leroy, M.D. 


ALTHOUGH leukemic infiltrations of the heart are often encountered p M . 
1 A- Ciaihdy in the stem cell and myelogenous types of leukemia,' little attention 
in the literature has been given to their clinical recognition. Cardiac manfei- 
tions, almost always first discovered at necropsy, have been considered to be a 
part of the protean nature of the leukemic process and not a complication of the 
disease itself. However, occasionally symptoms produced by myocardial infiltrates 
have been the first or the most outstanding findings early in the course of the dis- 
ease. Wintrobe and Mitchell, 2 in discussing atypical manifestations of leukemia, 
reported x such instances. One patient was treated for "heart disease” due to 
paroxysmal tachycardia and precordial discomfort for several months before mye- 
loid leukemia was diagnosed. The other was a patient in whom the diagnosis of 
gallbladder and coronary diseases was made, and only at the autopsy was it found 
that the patient had a myeloid chloroma with widespread infiltrations. A 15 year 
old girl with a massive pericardial effusion as the most outstanding manifestation 
was later found to have a lymphatic leukemia with infiltration into the myo- 
cardium and pericardium. 3 Willius and Am berg' reported leukemic infiltration of 
the myocard ium in a xh year old boy, in whom the main symptom of dyspnea could 
not be accounted for solely by the moderate secondary anemia which he mani- 
fested. 

In reviewing 1x3 fatal instances of leukemia (0.86 per cent of 14,400 consecume 
autopsies), Kirshbaum and Preuss 1 found that leukemic infiltration of the kan 
occurred in 43 of the cases (34 per cent). In 7 of these, the wrong clinical diagnosis 
of either rheumatic or arteriosclerotic heart disease had been made. An interesting 
case report of a patient with myelogenous leukemia was that of Blotner and Sos- 
man. Their patient had a z'.i A-V block which was treated with x-ray therapy 
applied directly' to the heart area causing temporary disappearance of the bloc '. 

The multiplicity of symptoms displayed by leukemic involvement of the heart is 
determined by’ the location and extent of the infiltrations and the common ) asso- 
ciated my'ocardial hemorrhages. So, one may note various disturbances 0 t e 
cardiac rhythm 5 ' 5 or syonpeoms of congestive heart failure. Since anemia mt \ 1 * 
cause weakness, palpitation, and dyspnea, since tachycardia may occur v>i ^ 
elevated basal metabolism often associated with leukemia, an since asc 
be due to either enlargement of the spleen or pentoneal involvement, * ' 
toms by themselves are not sufficient to make the diagnosis 0 car 
Early recognition of involvement of the heart, due « > « 
trations or to multiple small myocardial hemorrhages, with J mJ 

of the therapeutic measures commonly used m the treatme 
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afford the patient some relief from troublesome symptoms. Therefore, a review was 
undertaken to ascertain if the electrocardiogram might be of aid in making a diag- 
nosis of leukemic involvement of the heart. 

The following is a correlation of the electrocardiograms, autopsy findings, and 
clinical course of 8 patients with leukemia. Only pertinent data will be presented. 
In 5 patients, electrocardiograms were taken less than one month before death, and 
in the 3 others electrocardiograms were taken five weeks, two months, and seven 
months respectively before their death. Autopsy studies were made by one of us 
without knowledge of the histories or electrocardiographic interpretations. The 
electrocardiograms were interpreted before obtaining information of the clinical 
course or the autopsy results. Finally, the amassed material was examined for 
possible correlations. 


CLINICAL DATA 

The ages of these 8 patients ranged from 3 to 55 years. Four cases were diagnosed 
as lymphatic leukemia, a as blast or stem cell leukemia, and 2. as myelogenous leu- 
kemia. All of the patients had anemia with red blood cell counts varying between 
810,000 and 3,500,000. 

Five patients had clinical signs of either right or left heart failure. In all of these, 
physical examination revealed enlargement of one or more chambers of the heart. 
In the 3 instances where chest x-rays were made, the cardiac enlargements were 
confirmed. Three of the 5 patients had either systolic or diastolic murmurs or both. 

Except for an apical systolic murmur in 1 instance, no clinical evidence of heart 
disease was present in the other 3 patients (see electrocardiograms, fig. z B, C, 
and D). Electrocardiograms of these 8 patients are shown in figs. 1 and z. 

ELECTROCARDIOGRAPHIC INTERPRETATIONS 

Figure iA, taken twenty-five days before death, shows a sinus tachycardia with 
an occasional ventricular premature systole (not shown in the record). S-T is de- 
pressed and T is small in all of the leads. T is diphasic in 1, z, and the chest leads. 
QRS is upright in lead CF 2 . The interpretation is: sinus tachycardia, ventricular 
premature systoles, probably combined heart strain, a definitely abnormal record. 

Figure iB, taken two weeks before death, shows a prolongation of the P-R inter- 
val to 0.Z4 second. Rj is tall and So and S 3 are deep. S-T 4 is depressed and S-T 3 is ele- 
vated. T, is diphasic. QRS in lead CF 2 is polyphasic. S-T is depressed in leads CF 4 
and CF 6 . T is diphasic in lead CF 4 and inverted in lead CF 6 . The interpretation is: 
sinus rhythm, first degree A-V block, left heart strain, a definitely abnormal record. 

Eigure iC, taken sixteen days before death, shows a tiny and diphasic QRS in 
lead z. The T waves in leads CF 2 and CF 4 are inverted. The interpretation is: sinus 
rhythm, left axis shift, a definitely abnormal record. 

Figure iD, taken zo days before death, shows a sinus tachycardia. QRS is small 
in lead 1 ; there is depression of the S-T segments, and the T waves are small in all 
of the limb leads. S-T is depressed in lead CF 4 and T inverted in leads CF 2 and CF 4 . 
The interpretation is: sinus tachycardia, a definitely' abnormal record. 

Figure zA, taken seven months before death, shows a QRS 4 which is -mainly' 
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In summary, all of the electrocardiograms except 2.B and iD were interpreted is 
definitely abnormal records. The z exceptions were interpreted as borderline rec- 
ords. All the electrocardiograms taken on those patients with clinical evidence of 
heart disease were definitely abnormal. Contrariwise, the only 1 records which 
were not interpreted as definitely abnormal were taken on z of the 3 patients with- 
out clinical manifestations of cardiac involvement. 

AUTOPSY FINDINGS 

Postmortem examination was performed on all of the 8 patients. In 4 of them, 
leukemic infiltrates were noted in the various layers of the heart and particularly 



.u w hich presented signs of 

i„ the myocardium. These p«ic».s ' v “ “°" 8 ct f on U this S ro»p.) . „ , 
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CORRELATION AMONG CLINICAL, lA, A A ‘‘jj 

The patients represented 
xA a ll had clinical evidence of heart failure 



SAMUEL F. ARONSON AND ELIE LEROY 


'361 


abnormal electrocardiograms. In these patients, autopsy examination revealed 
myocardial infiltrates. Therefore this group shows a close correlation between 
all methods of examination. 

A fifth patient (electrocardiographic illustration iD) had a large globular heart 
with "tigering” and fragmentation of myocardial fibers. Engorgement of the capil- 
laries was noted, but no leukemic infiltrations of the heart layers were found. The 
electrocardiographic changes were nonspecific. The remaining 3 patients (electro- 
cardiographic illustrations zB, zC, and zD) had no clinical evidence of heart 
disease. In none of these were cardiac infiltrations noted, but the capillaries of the 
heart were engorged by leukemic cells in all instances. Again in this group of 4 
patients, the clinical findings were confirmed by the autopsy evidence. The electro- 



Fig. 4. DirruSE Interstitial Hemorrhage of the Myocardium with Engorgement 
of the Small Blood Vessels (Patient with Electrocardiogram Fig. 2.C), 
Hematoxylin and Eosin Stain. X loo 


cardiographic abnormalities could be explained by the marked anemia and possible 
superimposed myocardial ischemia due to occlusion of the capillaries of the heart 
by leukemia cells. 

The changes in the electrocardiogram depend upon the extent and location of 
the myocardial infiltrates. Similar electrocardiographic aberrations may occur, 
owing to unrelated conditions such as arteriosclerotic heart disease and transitory 
coronary insufficiency in older patients. Whenever the electrocardiogram is ab- 
normal in a patient with leukemia, a careful search should be made for clinical 
evidence of heart disease. At times, the electrocardiogram may be the first evidence 
0 mjocardial infiltrates. It should be recalled that infiltrations of the heart are 
common in leukemia (34 per cent in one large series of autopsied cases 1 ) and many 
'arictics of heart disease may be simulated. 
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CONCLUSIONS 

1. The heart is frequently involved in leukemia. 

z. There is a close correlation between the presence of leukemic myocardial 
infiltration, signs of heart disease, and abnormalities of the electrocardiogram 
3 . The electrocardiographic changes do not constitute a diagnostic pattern. 

The authors are indebted to Drs. L. N. Katz and O. Saphir for their suggestions and guidance. 
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SERUM PROTEIN CHANGES IN MYELOGENOUS AND LYMPHOCYTIC 
LEUKEMIAS AND HODGKIN’S DISEASE 


By G. A. Nitshe, Jr., M.D., and Philip P. Cohen, Ph.D., M.D. 

INTRODUCTION 

T HERE are many reports in the literature reviewing Hodgkin’s disease and 
myelogenous and lymphocytic leukemia. 1,2 In most of these the histologic and 
hematologic pictures are dealt with in detail, as are the various clinical criteria 
necessary for diagnosis. Occasionally an incidental notation is made of the serum 
protein values. Some investigators in the course of presenting data related to their 
particular problem have recorded the amount of albumin and globulin found in 
cases which happened to have Hodgkin’s disease, myelogenous or lymphatic 
leukemia. 3 ’ 4 Another group of reports by Bing 6 6 and Bing and Plum 7 have stressed 
the finding of increased plasma and endothelial cells in the marrow or peripheral 
blood of patients having an increased amount of serum globulin. 

Generally from these various sources one gains the impression that there are 
marked changes in plasma proteins in the aforementioned diseases, and that these 
may be related to the hematologic picture. 

In order to ascertain the changes in the serum proteins in these diseases, a study 
was undertaken using analytical methods which have proved to be reliable. In 
particular, the use of methyl alcohol fractionation of albumins and globulins is 
known to give more accurate values than the usual salting-out technics. 8 In 
the present study serum protein determinations were carried out on a series of 
cases of Hodgkin’s disease and myelogenous and lymphatic leukemias, and these 
were compared with a group of normals. 

METHODS 

Twenty ml. of blood were drawn from patients and from normal subjects, using a 
dean dry syringe. Five ml. were placed in a bottle containing dry sodium oxalate 
and gently agitated to insure complete mixing of the anticoagulant. This sample 
was used for determining the sedimentation rate, according to the Wintrobe-Lands- 
bcrg method, 0 and the hematocrit. The remainder of the original sample was deliv- 
ered into a 15 ml. centrifuge tube and allowed to clot at room temperature. After 
retraction of the clot the tube was centrifuged at 3000 R.P.M. for 10 minutes and 
the supernatant serum transferred by means of a capillary pipet into a small test tube 
which was stoppered and refrigerated at i° C. 

Fractionation was done within 36 hours according to the method of Pillemer and 
Hutchinson. s This was carried out in a i° C. cold room. The tube and contents to 
he fractionated were immersed in chipped ice and stirred mechanically while the 
methanol was slowly added from a buret. The globulin precipitate was removed by 
1 tcring through No. 42. Whatman paper. The samples containing the total protein 

l_ rom the Departments of Medicine and Physiological Chemistry, University of Wisconsin, Madison. 
■ is study was supported in part by a grant from the Wisconsin Alumni Research Foundation. 
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and the albumin fraction were then stored in the cold until the analyses u W k- 
earned out which usually was from i to 10 days later. Marrow or peripheral bW 
studies made at the time of the collection of the sample were recorded 

he determination of total protein and albumin was done, using essentially the 
biuret method of Robinson and Hogden. 10 5 

Preparation of Standard Curve. Blood was collected from a normal subject in the 
manner previously described. A sample was set apart for a nonprotein nitrogen 
determination. One ml. was placed in a io ml. volumetric flask, which was malt 
up to volume with 0.9 per cent sodium chloride solution. Three different aliquots in 
duplicate were pipetted in Kjeldahl flasks and total nitrogen determined. The 
factor 6.2.5 was used for converting nitrogen to protein. Duplicate aliquots of the 
same protein solution were pipetted into 15 ml. conical graduated centrifuge tubes. 
To each of these, saline was added to the 5 ml. mark and then 10 per cent trichlo- 
roacetic acid until the total quantity in each tube was 10 ml. These 6 tubes were 
centrifuged 15 minutes at 3000 R.P.M., or until the supernatant fluid was entirely 
clear. The liquid was then poured off and the tubes were inverted in a rack a nil 
allowed to drain for 5 minutes on filter paper. After this they were placed upright 
and 3 per cent sodium hydroxide solution added dropwise while stirring with 2 
glass rod until solution was complete. Sodium hydroxide solution was then added 
to about Sml., ando.2.5 ml. of 2.0 per cent copper sulfate solution was added to each 
tube. When this was well stirred the rods were washed off with more sodium 
hydroxide solution and the volume finally made up to 10 ml. The tubes were stop- 
pered and shaken vigorously for one minute and allowed to stand for one-half 
hour, after which they were again centrifuged for 15 minutes at 3000 R.P.M. The 
supernatant fluid was transferred to a 19 mm. cuvet, and with distilled water as 1 
blank, transmittances were read at 560 millimicrons on a Coleman No. 6 Junior 
spectrophotometer. A standard curve was prepared using semilogarithmic paper 
with transmittance represented on the abscissa and concentration in grams of pro- 
tein per 100 ml. on the ordinate as determined by Kjeldahl analysis and corrected 
for nonprotein nitrogen. A straight line curve was obtained. For determination 0 
total protein, 1 ml. of a 1:10 saline dilution of the sample was used. For the albumin 
determination, 0.5 ml. of a methyl alcohol superanatant was employed. 0 

was determined by difference, , 

Classification of Disease. The stages of the different diseases were classified 
being early, moderately advanced, and advanced on the basis o a vat a e c 1 > 

laboratory, and subjective information. Each case listed in the ta cs tnc 
an evaluation of clinical status at the time of blood sampling for seru p 

determination. o nf rhr three parho- 

R emits. It is apparent from a comparison of the mean value 

logic groups (tables z, 3 , 4) with the mean values of the normal g P C * 

while there is no statistically significant change in &<**£££* ^ 
logic groups, there is a statistically significant decrease 1 kil j. cm ja. No 

in globulin the the groups of Hodgkin s disease an g hocytk ktl ke- 

statistically significant change is seen to occur in the g P > J d thu5 dos 
mias. This latter group, however, represents a rather small 
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not exclude the possibility that the apparent trend toward a change from normal 
in the same direction as the other two groups might not be significant with a larger 
series. 

While the magnitude of the changes from normal of the pathologic groups is 
small it is apparent from an examination of the data in tables i. and 3 that 2.3 per 
cent of the Hodgkin's cases and 33 per cent of the myelogenous leukemia cases 
exceed the highest globulin value found in the normal group. Thus since the 


Table i. — Strum Protiin Ltttls in Norma! Adults 


No. 

Sex 

Age 

Albumin 

Globulin 

Total 

I 

M 

3° 

4.92. 

1.36 

6.18 

1 

M 

32- 

4.78 

1.88 

6.66 

3 

M 

2-4 

4.82. 

2-2-5 

7.07 

4 

M 

11 

4-72- 

x.84 

6.56 

5 

M 

32 

5-34 

1.14 

7.48 

6 

M 

l6 

4.82. 

x.36 

7.18 

5 

F 

IO 

4.50 

1. 80 

6. 30 

8 

F 

11 

4.40 

l. ll 

6.6x 

9 

F 

IO 

4.64 

1.58 

6.11 

10 

F 

11 

4.08 

x.44 

6.51 

II 

F 

2-3 

4.40 

i. 4 x 

5 .8x 

11 

F 

10 

4.60 

x. 5 8 

7.18 

*3 

F 

11 

4. IX 

1. 10 

6.11 

14 

M 

10 

4-92- 

1. 1 6 

7.08 


M 

19 

4.48 

x.36 

6.48 

l6 

M 

11 

5.40 

1.96 

7.36 

17 

F 

46 

5. IX 

1.64 

6.76 

18 

M 

32- 

4- 60 

1.90 

ON 

O 

*9 

M 

61 

4.13 

i-97 

6. 10 

10 

M 

2-3 

4.08 

x.48 

6.56 

11 

M 

11 

4.69 

1.87 

6.56 

11 

M 

3° 

4.7X 

1. IO 

6.8x 

1 3 

F 

2-9 

4.69 

X.08 

6.77 

Mean 

4.65 

X.07 

6.71 

Standard deviation . . . 

0. 36 

°- 34 

O.4I 


majority of cases fall within the limits of the upper range of normal, the determi- 
nation of serum globulin in cases of suspected Hodgkin's disease or myelogenous 
leukemia is of limited value. It should be noted that in the myelogenous leukemia 
group 11 of the 15 cases and in the Hodgkin’s group 15 of the 16 cases had albumin 
cvcls below the lowest value in the normal group. In the lymphocytic leukemia 
group 4 of the 12. cases had albumin levels below the lowest normal value, and 2. of 
c 12. cases had globulin levels exceeding the highest normal globulin value. 

^ here individual cases had repeated analyses at different time intervals, there 
'' as a trcn d, in general, toward a decrease in total protein, usually with a larger 
tease in albumin and a smaller increase in globulin. This trend appeared to be 
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™> ™,„ ocvtlc 

T c LEu f'EMr AS 

I «A6 Htdgi 



Mean 

1 4.07 

— 

M 9 

Standard deviation 

0.6S I 

0.6S 



Probability of chance difference* 

0.00 | 

0.00 




:tn s Disease 


Advanced 
Advanced 
Advanced 
Advanced 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Advanced 
Advanced 
Advanced 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 
Mod. adv. 

Advanced 

I Mod. adv. 

Mod. adv. 

Early 
Early 
Early 
Mod. adv. 
Advanced 
Advanced 
Mod. adv. 

Mod. adv. 

Mod. adv. 

Mod. adv. 
Advanced 
Advanced 
Early 
Mod. adv. 

Mod. adv. 

Mod. adv. 

Mod. adv. 


table of probabilities. 


critical ratio = - differgnc ~ b;t "' cen ^cans 
standard error of difference 

\ a ue o z L ro indicates that differences from normal are not due to chance, while a valce cf 
0.10, or example, indicates that chance variation from normal may occur in z out of to cipcd' 
ments. 
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particularly apparent as the disease advanced and approached fatal termination 
(sec cases z and 15, table 3). In some instances of early disease there appeared to be 
some improvement in the albumin and globulin levels toward normal following 
x-ray therapy. Estimation of the size of the liver and spleen by palpation failed to 


Table 3. — Strum Proton Levels in Patients with Myelogenous Leukemia 


No. 

Sex 

Arc 

Duration of 
illness from his- 
tory (months) 

Albumin 

Globulin 

Total 

Clinical Status 

I 

M 

41 

l 

3.36 

3-35 

6.71 

Acute terminal 

1 

M 

53 

6 

5.Z0 

3-33 

8.53 

Early 




9 

3-72- 

3-54 

7.16 

Early 




I I 

2-94 

3.65 

6.59 

Mod. adv. 

3 

M 

70 

60 

3.90 

3.36 

7.16 

Mod. adv. 

4 

M 

5 1 

54 

4.36 

1.90 

7.16 

Mod. adv. 




59 

3 ■ 9 ° 

1.09 

5-94 

Mod. adv. 

5 

F 

48 

48 

4-27 

2-55 

5.61 

Mod. adv. 




52 

3.66 

2-74 

6.40 

Mod. adv. 

6 

F 

58 

48 

4-73 

2-71 

7-44 

Mod. adv. 




5 1 

3 . 80 

z.6o 

6.40 

Mod. adv. 




53 

3-95 

2-53 

6.48 

Mod. adv. 

7 

F 

25 

30 

4.96 

1 .84 

6. 80 

Mod. adv. 




33 

4.40 

2.. I 6 

6.56 

Mod. adv. 

8 

M 

40 

2-4 

3.64 

z.z6 

5.90 

Mod. adv. 

9 

M 

74 

48 

3.90 

i.84 

6.74 

Advanced 

10 

F 

80 

I 

3.56 

3.84 

6.40 

Mod. adv. 

II 

M 

35 

48 

3.46 

2.. 06 

5-52 

Advanced terminal 

11 

M 

7 i 

I 

1.76 

z. 18 

4-94 

Advanced 








(aleukemic) 

■3 

M 

3 ° 

2-4 

4-33 

2 . . Ol 

6.36 

Mod. adv. 

M 

M 

35 

6 

4.l8 

2-72- 

6. 90 

Mod. adv. 

'5 

M 

72 - 

9 

3.63 

1.09 

5-72 

Mod. adv. 








(aleukemic) 




21 

3.63 

1.01 

5.63 

Mod. adv. 








(aleukemic) 




1 6 

z.91 

2-25 

5.16 

Advanced terminal 








leukemic phase 

Mean 




3 . 80 

1.65 

6.46 


Standard deviation . . . 

0.46 

O.61 

0.71 


I’roha 

Mlity of chance difference*. . . . 

0.00 

0.00 

0.10 












* See footnote, table 1 . 


tc\cal any relationship between the size of these organs and the scrum protein 
'alucs. However, the over-all extent of enlargement of these organs was difficult 
t0 cva hiatc because of x-ray therapy directed toward reducing the size of these 
or fians. In general, however, as the disease progressed these organs tended to be- 
come enlarged. 

In view of the reports that scrum globulin increases are associated with an in- 
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crease in plasma cells 5 - 7 and that the gamma globulin Wt „ai a 
to the lymphocytes, 11 careful differential counts on peripheral 
different cases were carried out. There was no apparent relationshin bT. t 
level of any particular cellular component of the peripheral hlnn 1 ^ . "f Cn 
cither albumin or globulin. In no instance were plasL or endothelial til 7 ’°! 
m the peripheral blood. Bone marrow smears made in about one half of the Ituk 
ia cases revealed che presence of plasma or endothelial cells in significantlrhieh 
numbers only m cases it and 15 of the myelogenous leukemia group (tile;) 

Table 4 — Scrum Protein Levels in Pattern with Lymphocytic Letikmia 


Duration of 
illness from his 
tory (months) 


Clinical Status 



Standard deviation . 


0.4S | o»SS | 0 . 6 ) 


Probability of chance difference*. .. | o.io 0.34 j 0.74 | 

* Sec footnote, tabic z. 

The marrow smear from case 12. had 1 per cent plasma cells and 1.1 per cent u 
classified cells which resembled endothelial cells, while the smear from case J 5 
revealed the presence of to. 6 per cent unclassified cells suggestive o an en ° 
origin. In both of these cases the serum globulin levels were below n0 ™ a ‘ 
relationship can be seen from this group of cases between the serum g o 
and the bone marrow cellular composition. , 3 to the 

The levels of hemoglobin and erythrocytes were foun to , faath ,t 

scrum protein level. However, a true evaluation was madedi < l b}^ ^ 

most of these patients received generous and frequent tra " sf , ^ hcfflOS lobin 
In general, it can be said that as the terminal state was appr 
and erythrocyte levels decreased along with the albumin and total protein 
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COMMENT 

That only one third of the cases of the myelogenous leukemia group and only one 
fourth of the Hodgkin’s group showed increases in the serum globulin levels raises 
the question as to the significance of these changes in these conditions. The finding 
of a higher percentage of cases in both groups showing a decrease in albumin is 
consistent with the nutritional failure associated with chronic wasting disease. 
A point worth emphasizing is that in the cases of hyperglobulinemia the total 
protein levels were within normal limits, owing to the simultaneous decrease in 
serum albumin. The inadequacy of a total protein determination as a measure of 
serum protein change thus is obvious. 

In multiple myeloma, a disease usually associated with a marked hyperglobu- 
linemia, Gutman et al. 12 found that 63 per cent of 38 cases studied had elevated 
globulin levels. Not only did the multiple myeloma group show an incidence of 
hyperglobulinemia 2. to 1.5 times that reported here for myelogenous leukemia 
and Hodgkin’s disease, but the levels of globulin in the multiple meyloma series 
with hyperglobulinemia were much higher than those reported in the present 
paper. Thus when compared to a disease like multiple myeloma, the globulin 
changes in myelogenous leukemia and Hodgkin’s disease are not particularly 
striking. 

It is important to recognize that the serum globulin fraction is not a single en- 
tity and that is is actually made up of a large number of different proteins. It is 
conceivable that significant changes in one or more of the globulin components 
may occur in cases of Hodgkin’s disease and myelogenous and lymphocytic leu- 
kemia without being reflected in the total globulin determination. However, 
electrophoretic analyses of a similar series of cases will be necessary before such a 
possibility can be evaluated. 


SUMMARY 


1 • Using a methyl alcohql fractionation technic, the albumin, globulin, and 
total protein levels were determined in a series of normal adults and compared with 
cases of myelogenous and lymphocytic leukemias and Hodgkin’s disease. 

Statistically significant decreases in albumin and increases in globulin were 
found in the cases of Hodgkin's disease and myelogenous leukemia, but without 
S1 gnificant changes in total protein. Globulin levels above the highest normal value 
were found in 2.3 per cent of the former and 33 per cent of the latter group. 

3- No apparent relationship was noted between the levels of the serum protein 
tactions and (1) the hemoglobin level, (2.) the erythrocyte count, (3) the pe- 
ripheral white blood cell picture, and (4) the bone marrow smears. 


f 0 ' C aut h° rs wish to express their appreciation to Professor Ovid O. Meyer, Department of Medicine, 
als 0 mal;inS ava '* a U c t * 1c clinical material in this study and for valuable suggestions. The authors are 
S ° ln< kbted to Professor J. A. E. Eystcr, Department of Physiology, for suggestions as to statistical 
treatment of the data. 


REFERENCES 

crucii, F. H., Sturgis, C. C., Rundles, R. W., and Meyers, M. C. : Blood, a review of the recent 
ucrature. Arch. Int. Med. 7 6: 1.39, 35S, 1945; 77-’ 80, 196, 1946. 



370 


MYELOGENOUS AND LYMPHOCYTIC LEUKEMIAS 


5 Dameshek, W. : Medical progress: hematology. New England J. Med. 234: 819, 194S. 

5 JonANSEN, A. H.: The relationship between plasma proteins and hone marrow as illustrated in di(. 
ferent cases of bone marrow tumors. Acta Med. Scandinav te 7.7 6, 1354. 

I Cameron, A. T., and White, F. D.: The diagnostic value of the plasma proteins. Can. M. J. <(,• 

155,1941. 

s Bing, J.: Further investigations on hyperglobulinemia. Acta Med. Scandinav 103: 565, 1940. 

15 : Some cases of hyperproteinaemia. Acta Med. Scandinav SS: 478, 1936. 

7 , and Peum, P. : Serum proteins in leucopenia. Acta Med. Scandinav. 32: 415, 1937. 

8 Pielemer, L., and Hutchinson, M.C.'. The determination of the albumin and globulin contents 

of human serum by methanol precipitation. J. Biol. Chem. 13S: 199, 1945. 

5 Wintrode, M. M., and Lansbrrg, J. W.: A standardized technique for the blood sedimentation test. 
Am. J. M. Sc. 1 Sju loi, 1935. 

10 Robinson, H. W., and Hogden, C. G. : The biuret reaction in the determination of scrum proteins. 
II. Measurements made by a Duboscq colorimeter compared with values obtained by the Kjeidaht 
procedure. J. Biol. Chem. 135: 717, 1940. 

II White, A., and Dougherty, T. F.: The pituitary adrenotrophic hormone control of the rate 0! re- 

lease of serum globulins from lymphoid tissue. Endocrinology 36: 107, 1945. 

I! Gutman, A. B., Moore, D. H., Gutman, E. B., McCueelan, V., and Karat, E. A.: Fractionation 
of scrum proteins in hyperproteinemia, with special reference to multiple myeloma. J. Clin. Inrest. 
ic: 765, 1941. 



THE IMPROVED DEMONSTRATION OF CIRCULATING ANTIBODIES 
IN HEMOLYTIC ANEMIA BY THE USE OF A 
BOVINE ALBUMIN MEDIUM 

By Jacob Neber, M.D., and William Dameshek, M.D. 

T HE pathogenetic mechanisms of the excessive hemolysis that occurs in both 
familial and acquired cases of hemolytic anemia continue to be the subject 
of much discussion and investigation. Several theories have been advanced 
to explain these processes, in which spherocytosis of the red cells commonly 
occurs. In 1938, Dameshek and Schwartz 1 first demonstrated that the spherocyte 
was not necessarily the result of an hereditary defect of erythropoiesis, but could 
be produced experimentally by means of an immune hemolytic serum. These studies 
indicated that a circulating hemolytic antibody might be the cause of the exces- 
sive hemolysis and of the spherocytosis found in many cases of acquired hemolytic 
anemia and possibly in congenital spherocytic hemolytic anemia as well. Further 
studies 2 demonstrated that various types of antibodies, both hemolysins and ag- 
glutinins, caused injury to red cells with resulting complete breakdown (hemol- 
ysis) or incomplete breakdown, i.e. spherocytosis. 

By means of the customary technics for demonstrating hemolysins and agglu- 
tinins using salt solution as a diluent, these antibodies were found in only oc- 
casional cases of acquired hemolytic anemia, usually of the acute variety. The 
independent demonstration in 1944 by Race 3 in England and Wiener 4 in this country 
of a so-called “blocking” or “incomplete” type of Rh antibody demonstrable 
only in a serum medium raised the possibility that circulating antibodies of this 
type might also be detected in patients with hemolytic anemia. Diamond and Den- 
ton 5 in their investigations of Rh antibodies suggested the use of bovine albumin 
as a diluting medium, and we have used this method in our search for antibodies 
in cases of hemolytic anemia. By this method, abnormal iso-antibodies have 
been discovered in a number of patients with hemolytic anemia in whom negative 
or questionable results were obtained by the ordinary technics. 

methods and material 

A tube agglutination method was used, duplicate systems being set up in normal 
saline and in 2.0 per cent bovine albumin solution in small lipless test tubes 7 x 
70 mm. Search was made for auto- and iso-hemolysins and auto- and iso-agglu- 
tinins at 37°C., 2.2. 0 C., and 3 0 C. Two sets of serial dilutions (1:1, 1:4, 1:8, etc.) 
of the serum to be tested were made, one in normal saline and one in bovine al- 
umin solution. In testing for autoagglutinins, the patient’s red cells were washed 
In norm al saline, all the saline was removed, and the cells were then resuspended 
separately in saline and in bovine albumin solution to make an approximate 2. 

From the Blood Laboratory of the J, H. Pratt Diagnostic Hospital and Boston Dispensary and from 
c -partment of Medicine, Tufts College Medical School. Aided by grants from the Charlton Fund and 
‘ntcrestcd donors. 
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per cent suspension in each medium. Similar suspensions were made of a r, n J 
group O blood for use in the tests for iso-agglutinins, two drops of the red edit” 
pension being mixed with two drops of the serum dilution wifh a suitable eonud 
the experiments for hemolysins, fresh guinea pig serum, diluted i:j 0 in salin* 
] nd ,n b0VWC al ^ umin > used for complement. For the demonstration of 
hemolysins two drops of the patient's cell suspension, one drop of complement 
1:10, and two drops of the respective serum dilution were placed in each test 
tube. For isohemolysins, two drops of a group O red cell suspension, one drop of 
complement, and nvo drops of the serum dilution were used. A control of red cell 
suspension and complement alone was always included. When using the saline 
medium, a saline red cell suspension and saline dilutions of the serum were used; 
while with the determinations using bovine albumin no saline was allowed to 
enter the system, all dilutions being made with albumin. The tubes were mixed 
by shaking manually, then allowed to react at 37 0 C., zz° C., and 3 °C. for at least 
two hours. The supernatant fluid was examined for hemolysis and the sediment 
then examined for agglutination both macroscopically, using a 6 X hand lens, 
and microscopically, when the reaction was doubtful or negative. 

Five cases of acquired hemolytic anemia (idiopathic type), 3 patients with 
familial spherocytosis, z with severe familial Mediterranean anemia, 1 with sickle 
cell disease, and 1 patient with paroxysmal nocturnal hemoglobinuria were studied. 
In addition, 1 case of severe acute hemolytic anemia caused by chemical or drug 
exposure, z with severe "hypersplenic" pancytopenia with hemolytic anemia, 
and 1 with hemolytic anemia symptomatic of subacute lymphatic leukemia were 
studied (table 1). The primary diagnosis of a hemolytic disease was established 
in the customary manner by various clinical and laboratory studies, including 
routine blood counts, platelet counts, reticulocyte determinations, examinations 
of fresh and stained blood smears as well as by tests of the hypotonic fragilin 
of the red cells, serum bilirubin levels, and fecal urobilinogen e.vcretion. In scwril 
cases, parallel determinations of the survival time of transfused red cells nete 
made (table 1). 


RESULTS 

In a of the 5 cases of acquired hemolytic anemia, a circulating warm anti ) 
that could not be detected in a saline medium was repeatedly emon$tr 3 
the bovine albumin system. In the other patient a warm agglutinin, 
active in saline, was found to react in higher dilutions an to > g Ive . ^ 
reactions in the bovine albumin medium (tables 1, z, })■ 3 P 

congenital sypherocytic anemia gave im^riagraaiw^w • ph|Hp 
and not in crisis, no circulating antibodies could be derecte . p . - cCrisis 
M. at no time showed a circulating antibody. However, un^ autoheBoIpiD 
which occurred in one of these patients (Pauline 0 0 a ^ 

in a litre of x: 3 i was demonstrated at 37 ° C. m b ™"£* [isis an d after 
(table 4). Repeated examinations of this patient s b ■_ Thc third 

splenectomy have consistently failed to ‘sc ose t s first nvo months 

patient (Genevieve S.) ran an irregularly febrile course 
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of observation interspersed with numerous “colds” and feverish “grippy” attacks. 
During these two months, an agglutinin weakly reactive in saline and somewhat 
more active in bovine albumin solution was present which agglutinated the pa- 
tient’s own cells and sporadic group A and group O cells at 37 0 C. Later when 
the patient became afebrile, this agglutinin could not be disclosed.* 

In the x patients with sickle cell anemia, the x patients with severe Mediter- 
ranean anemia, and the patient with paroxysmal nocturnal hemoglobinuria, 
antibodies were lacking in both saline and bovine albumin solution. Antibodies 
were also absent in the patient with severe acute hemolytic anemia caused by 
exposure to chemicals, in x patients with a hemolytic process associated with 
severe hypersplenic pancytopenia, and in another patient with symptomatic 
hemolytic anemia secondary to subacute lymphatic leukemia. 

DISCUSSION 

Demonstration of an iso-antibody in patients with hemolytic anemia may help 
to differentiate between acquired and congenital hemolytic anemia. This was 
first pointed out in 1908 by Widal, Abrami, and Brule, 6 who emphasized the di- 
agnostic importance of autoagglutinins as indicative of the acquired cases. Al- 
though Dameshek and Schwartz 1 later stressed the finding of hemolysins, it must 
be admitted that both hemolysins and agglutinins are not often detectable in a 
saline medium. From our present results, it seems probable that this difficulty 
can to a large extent be obviated by the use of bovine albumin solution as a diluting 
medium. With this method, a warm iso-antibody was disclosed in every instance 
of idiopathic” acquired hemolytic anemia we have recently studied. Iso-anti- 
bodies were not demonstrated in other cases of acquired hemolytic anemia due to 
chemical, “hypersplenic,” and other (i.e., “symptomatic”) causes. Not only 
has the finding of an abnormal iso-antibody been of diagnostic value but it has 
also been of some prognostic aid in that complete assurance of permanent cure 
following splenectomy cannot be given to these patients. 

Too sweeping conclusions cannot be deduced from the finding of a circulating 
hemolysin in the 1 patient with congenital spherocytic anemia during a hemolytic 
crisis. The diagnosis of congenital spherocytic anemia in this patient is well estab- 
lished by its presence in four generations of the family. Additional examinations 
of the serum by this method in patients with familial spherocytic anemia must be 
made during crisis before definite conclusions can be drawn. However, this finding, 
if substantiated by further positive determinations, suggests the possibility that 
m congenital spherocytic anemia there may be a circulating antibody of such low 
tltrc that it is demonstrable only during a period of crisis when increased amounts 
°f the hemolytic antibody are present in the circulation. As a corollary, one might 
speculate further and visualize a crisis as the result of a sudden elevation of hemoly- 
tic antibody titre. 

In several of our cases with circulating antibodies detected by the albumin 
technic, parallel determinations of the survival time of normal red cells introduced 

^ e arc grateful to Dr. Philip Levine for confirming these observations in his laboratory. 
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into the patient's circulation were performed using the Ashby technic* These 
showed a diminished survival time, indicating an action of abnormal hemolytic 
antibody against the introduced red cells. These results differed sharply from the 


Table i. — Agglutinins in Salim and Albumin Mtdia 
Case i — E. H. — Acquired Hemolytic Anemia — Presplenectomy 
Autoagglutinins: Strum E. H. vs. Ctlls E. H. 


Temp. 

Cells 

Serum E. H. —Saline Dilutions 
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1:2 

1:4 
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Isoagglutinins: Strum E. H. vs. K }}t 0 Cells. 
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cases in which antibody could not be detected ^ ce!ls in and out 

study the contrast between the surviva time hovvec j a n autohcir.o )» 

during crisis. During crisis red cell destruc 

* These studies will be reported upon in another commun.cat.on. 
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Table j. — Hemolysins in Saline and Albumin Media 
Case i — F. S. — Chronic Acquired Hemolytic Anemia — Postsplencctomy 


Autohemolysins: Serum F. S. + Complement 1:10 vs. Cells F.S. 
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Isohemolysins: Serum F.S. + Complement 1:10 vs. # 2 }j 0 Cells. 
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Serum F. S. — Saline Dilutions 
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H = Hemolysis. 

A = Agglutination. 


'° n >) a normal survival rime was present. The contrast in the survival time of 
1 e rc( ^ ce ^ s the same patient during crisis and after splenectomy was very 

striking. 
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Table 4. — Himoljtini in Salim arj Albumin Msdia 
Can 7 — P.O'N. — Familia! Spherocytic Anemia — Crisis — Prrsplcnectomy 
Autohcmolysins: Serum O'N. + Complement 1:10 vs. Cells O'N. 
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The results of splenectomy are often revealing, providing spherocytosis disappears, 
in which case acquired hemolytic anemia can be diagnosed. If spherocytosis is still 
present, the distinction may still be in doubt. By using (i) serum tests for ab- 
normal antibodies, particularly with the bovine albumin technic, (2.) tests of the 
red cells with antiglobulin serum (cf. below), and (3) survival time experiments, 
the discrimination between acquired cases due to auto-immunization and familial 
cases can almost always be made. This is often of diagnostic and prognostic im- 
portance. Furthermore, the complete lack of any type of antibody in cases of 
acquired hemolytic anemia points to a type of hemolysis which is due to some other 
mechanism such as chemical poisoning, “hypersplenism,” and the like. 

The finding of iso-antibodies by the use of bovine albumin rather than salt 
solution as a diluting medium raises some interesting questions as to the nature 
of the reaction and of the antibody. The use of serum and albumin as diluting 
media originated with investigation of the anti-Rh agglutinins which could not 
detected in saline media. These were first described as “blocking” 4 antibodies; 
i.e., they were thought to "coat” or otherwise affect the red cell rendering it 
incapable ("blocking” it) of reacting further with anti-Rh agglutinin. Later, 
they were considered to be “univalent” or “incomplete” 4 ’ 3 antibodies because 
they required a serum constitutent to effect agglutination, in contradistinction 
to “complete” or “bivalent” antibodies which reacted in simple salt solutions. 
Although these explanations are attractive, it is possible that neither is correct 
but that the serum or albumin solution is a more physiologic medium, allowing 
the demonstration of antibodies that cannot be detected with the less physiologic 
salt solution. 

Dameshek and Schwartz in 1940 7 postulated that in certain cases of hemolytic 
anemia which failed to show hemolysin in the serum, the antibody might be 
adsorbed to the red blood cell. Coombs, Mourant, and Race 8 found this condition 
to be true of certain cases of acute hemolytic disease of the newborn (erythroblas- 
tosis foetalis) as determined by the use of an anti-human globulin rabbit serum. 9 
This serum was produced by injecting human serum or serum globulin in rabbits 
and thus producing an antiglobulin (anti-antibody) material. 9 

by means of this serum, Coombs and his co-workers 8 and Hill and Haberman 10 
obtained positive agglutination of the infant’s red cells in cases of erythroblastosis 
foetalis when an anti-Rh agglutinin could not be found in the mother’s serum. 
More recently, Boorman, Dodd, and Loutit 11 studied cases of acquired and con- 
genital hemolytic anemia with anti-human globulin rabbit serum. Postive results, 
i e. agglutination, were obtained in the 5 acquired cases, negative results in the 
J 7 familial cases. These results indicated, according to these observers, that the 
rc d cells of acquired hemolytic anemia contained adsorbed agglutinin which was 
the cause of the hemolytic process. 


SUMMARY 

*• bovine albumin solution as a testing and diluting medium was used for the 

Section of abnormal iso-antibodies in the serum of various cases of hemolytic 

anemia. 

1 - Five patients with idiopathic acquired hemolytic anemia all showed a warm 
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agglutinin, although in 4 of these patients antibody could not be detected by use of 
the scandard saline technic. Higher titres than in salt solution were always ob- 
tained in the albumin medium. Three patients with congenital spherocytic anemia 
not in crisis, 1 patients with severe Mediterranean anemia, and 1 with sickle cell 
anemia failed to show antibody. In the crisis of 1 case of congenital spherocytic 
anemia an aurohemolysin was temporarily found with the use of bovine albumin 
Other cases of acquired hemolytic anemia (chemical, symptomatic, hypcreplcnic) 
failed to show antibody. Detection of antibody was of distinct value in the di- 
agnosis of acquired hemolytic anemia of the "idiopathic” type. Its continued 
presence in such a case after splenectomy rendered the prognosis doubtful. 

3. In the further differentiation of various types of familial and acquired cases, 
use was made of the red cell survival time. Parallel determinations of the survival 
time and of iso-antibodies showed a distinct correlation. Use of rhe anti-human 
globulin rabbit serum test to detect iso-antibody adsorbed to the red ceil is cited 
as of further diagnostic aid. 
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HEMATOLOGIC OBSERVATIONS IN A CASE OF KALA-AZAR 
By M. Rachmilewitz, M.D., K. Braun, M.D., and A. de Vries, M.D. 

T HE hematologic changes generally seen in kala-azar are characterized by 
a striking reduction of red cells, white cells, and platelets. The mechanism 
of these profound changes might be diminished production in the bone marrow 
of all these elements, either due to metaplasia by proliferating reticulo-endo- 
thelial cells or due to some toxic inhibition by the infective agent, or an inhibitory 
effect upon the bone marrow of an enlarged spleen. Another explanation might 
be sought in an increased destruction of the blood elements by the hyperplastic 
organs of the reticulo-endothelial system, mainly the spleen. In this case the cell 
production in the bone marrow might proceed at a normal or even at an increased 
rate. The methods available for the elucidation of this problem are mainly limited 
to the red cell series. The type of the anemia, the number of reticulocytes, the 
composition of the bone marrow, and the quantitative determination of the bile 
pigments in blood and excreta might furnish valuable data for the understanding 
of the mechanism of the anemia. The variations of these data under the influence 
of specific therapy might be of particular importance. With these considerations 
in mind the studies on the following case were carried out. 

CASE REPORT 

A young man, 18 years old, was admitted to our department on June iz, 1946. He was born in Palestine 
and had never left the country. Until one year ago he lived in an agricultural settlement, where he slept 
m a tent. During the last year he had lived in a town (Haifa). His past history was essentially negative. 
Four months previous to admission he began to complain of weariness and loss of appetite. One month 
later slight fever developed. At the same time he noticed that the whites of his eyes became yellowish. 
He was then examined for the first time and it was discovered that the spleen and liver were moderately 
enlarged. On April 9 he was admitted to the Municipal Hospital, Tel Aviv. During his two month's stay 
'Fere he ran a subfebrile temperature and his spleen gradually increased in size to such a degree that it 
occupied the left half of the abdomen and caused abdominal distress. The liver also increased in size, but 
not considerably. The blood examination showed: hemoglobin 45% (Sahli), red cells 2.78 M./mm 3 , 
eukocytes 1800/mm 3 . The sedimentation rate was 10 minutes (Linzenmeier’s method). The Takata- 
ta, cephalin flocculation test and formol-gel reaction were strongly positive; the Weltmann test was 
• Repeated examination of the blood for malaria gave negative results. A careful search of the bone 
marrow punctate for Leishmania donovani bodies (including culture) also gave negative results. In spite 
repeated blood transfusions and iron medication the patient's condition grew worse and he lost con- 
siderable weight. 

On admission to our department, the patient was found to be in a poor nutritional state. His tem- 
perature was 3S.1 0 C. He was very pale, and the sdcrac were yellowish. There was no edema and there 
' Crc no hemorrhages on the skin ot mucous membranes. The pulse was 100, regular; blood pressure 100/70. 

From the Medical Department, Division B, Rothschild Hadassah, University Hospital, Jerusalem. 
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A systolic murmur was heard at the base of the heart. Outstanding physical Mines m s , , 

abdomen, where a huge spleen occupied the entire left half of the abdomen, extending to I £ 
umbilicus into the pelvis. It was of hard consistency' and not tender; its surface was smooth. 
enlarged, its lower border being three hngerbreadths below the costal margin. It was also fiMvM 
smooch, and not painful. Ascites was not detected. 

Lahratcrj Findings: Urine: Albumin slightly positive, urobilinogen strongly positive but no bilinA- 
sediment negative. 

Blood: Hemoglobin S gram %; red cells: 1.3 M./mm 3 ; hematocrit 13 %; color index: i.if; mean 
corpuscular volume: 100 cu. micra; mean corpuscular hemoglobin 33; mean corpuscular hemoglobin ere- 
centration 34%. Fragility tcst(NaCl solutions) 0.41-0.30%. Leukocytes: nao/mm> Differential counn 
neutrophiles 18%, cosinophiles z%, lymphocytes 54%, monocytes 16%. Reticulocytes: 1.5-5%. Th.-c--- 
faocytes: 110,000/mm 3 . Coagulation time: 7 minutes. Bleeding time: 3 minutes. Sedimentation ns: 
7 minutes (Linzenmeicr's method). 

Blood chemistry: Urea 17 rng.%, glucose 81 mg.%. Total protein 9.40 g.%. Albumin 5.05 5.0 
Globulin 4.35 g.%. Euglobulin strongly increased. Total fibrinogen 0.10 g.%. Forniol-gel reaction 
positive within 4 minutes. Icteric index (Mculengracht) 15 units. Van den Bergh reaction: direct ceg- 

Tam.e 1. — Differential Bene Marrow Counts Before, During , and After Treatment 
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ative, indirect positive. Takata-Ara 4 plus positive, cephalin flocculation test stron^y ^uuve, tby-I 
tese 3.5. Total cholesterol 84 mg.%, free cholesterol 56 mg.%, cholesterol ester - g-,c- 

" S The examination of the bone marrow obtained by sternal 

locytic and the erythroblastic tissues. The differentia! > t , p, 

10%, neutrophile myelocytes 13%, eosmopbile myelocyte i /C , V !umcc ii s4 %.(taiiin! 
crythroblasts 6%, erythtoblasts 30%, normoblasts 15 %, P “ j ;rhm ,„ a Mia "ere Mt k ~ l 
cryrhroblasts in mitotic division were seen. Malar.* f^efouSmania-^en. 

On July 1 the bone marrow puncture was repeated and a , fcvcr> tcutopenm s=- 

On the basis of the clinical picture characterized by b e ' J ^ shra2m3 , ,h=p*«T 

anemia, and in view of the negative results o irr3l jiatc the spleen with x-rays Du ™5 £ 

of Hodgkin’s disease was considered, and it was cc numb;r of red and rj- 

treatment no improvement was noted and the spleen ‘ ^ ^ ^ of the boe.-r^ 

cells in the blood decreased. On July - 7 , , diagnosis of kala-azat, ^ 

was taken, growth of Leishmanta para »«* -* * ' * " 
already suspecte d during his 

culture. It is, therefore, important m all suspect 
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(4-4'-diamidino scilbene) intravenously was started on July 18. At first 0.5 mg. per kilo body weight was 
given daily; this dose was gradually increased to 1.5 mg./kg. All together 50 injections were admin- 
istered. The response to the treatment was striking; after the eighth injection the temperarure became 
normal and remained so. At the same time there was a rapid improvement in the patient’s general con- 
dition. The spleen gradually decreased in size and at the end of the treatment its lower border was felt 
two fingerbreadths below the costal margin. The subicterus soon disappeared and the liver also dim- 
inished in size. 

There was a gradual rise in the red and white blood cells which reached normal values at the end of 
the treatment. The percentage of the reticulocytes also gradually diminished. Subsequent bone marrow 
examinations revealed diminution of the immature white and red cells, the differential count becoming 
normal toward the end of the treatment (table 1). Bone marrow culture for Leishmania became negative. 

The quantitative examinations of fecal and urine urobilinogen before and during the treatment with 
stilbamidine gave the following results. The daily excretion of urobilinogen in the feces amounted to 
441, 539, and 569 mg./zqh, on three examinations. These values decreased slowly during the treatment, 
and essentially normal amounts (12.6 mg.) were found at the end of treatment. The daily excretion of 
urobilinogen in the urine was markedly increased before treatment (51.5 and 55 mg./zqh) and diminished 
gradually to almost normal values at the end of the treatment (5.9 mg.). 

The only persistent pathologic findings were the changes in the serum proteins, the globulin fraction 
even slightly increasing after completion of the treatment. The formol-gel test was also still positive at 
this time. 


COMMENT 

The analysis of the hematologic data obtained before treatment strongly sug- 
gests that we were dealing with a hemolytic type of anemia, which was macrocytic 
and hyperchromic. The increased rate of red cell production was manifested by 
reticulocytosis ranging from 1.5 per cent to 5 per cent and by the hyperplastic 
bone marrow with a predominance of immature cells. Chatterie 1 reported the pres- 
ence of a red bone marrow with a hyperplasia of the erythropoietic system and 
an increased number of ‘'megaloblasts” in kala-azar. Also in experimental inocula- 
tion of monkeys with Leishmania a generalized hyperplasia of the bone marrow 
has been described (Shortt, 2 Meleney 3 ). These findings are similar to ours and may 
be considered as a reaction to increased destruction of the blood cells. The increase 
of the bilirubin of the indirect type in the blood was another indication of aug- 
mented red cell destruction. More conclusive evidence was furnished by the quanti- 
tative determination of urobilinogen excretion in feces and urine, which was con- 
siderably increased before treatment and varied from 493 mg./zqh to 594 mg./i4h. 
These values are particularly high when the low red cell count is considered (Wat- 
son, 4 Miller, Singer, and Dameshek 5 ). It is highly probable that the huge spleen 
"’as the most important site of red cell destruction. The elimination of the hyper- 
activity of the spleen by a chemotherapeutic agent affecting the organism re- 
sponsible for the splenic enlargement, proceeded gradually and steadily in our 
Patient. It was impressive to observe the parallelism between the reduction of 
die size of the spleen and the subsidence of the signs of its hyperactivity. The 
smular behavior of the red and white cells in regard to their reduced number in the 
peripheral blood before treatment, the hyperplasia of both elements in the bone 
Harrow, and the effect of treatment causing a simultaneous rise of both, support 
c cont <mtion that the leukopenia was also due to increased destruction exceeding 
production. In case of the red cells their increased destruction could be objectively 
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proved by the determination of the urobilinogen excretion. No such objective 
evidence could be produced for a possibly increased destruction of the white cells. 
The estimation of uric acid excretion in the urine, the patient being on a special 
diet, did not reveal increased values. Although the uric acid content of the 
blood was within normal limits, this did not exclude the possibility of increased 
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neutropenia. Using the supravital staining technic on fresh splenic parenchyma, 
Doan actually observed increased granulocyte inclusions along with red cells in the 
numerous reticulo-endothelial phagocytes. In these cases splenectomy resulted in 
■normalization of the blood. The effects of the enlarged spleen on hemopoiesis may 
also be explained by a splenic hormone regulating bone marrow activity. The 
liberation of excessive amounts of this hormone by the enlarged hyperactive spleen 
__may thus lead to interference with the normal production and delivery of blood 
cells. This explanation, rather than that of increased phagocytosis, is advanced 
' by Dameshek 10 to account for the extreme neutropenia, thrombocytopenia and 
anemia of many cases with splenomegaly due to various causes, including chronic 
. infection. Dameshek points to the lack of any clear-cut evidence indicating phago- 
cytosis as the cause of the neutropenia and thrombocytopenia. It should also be 
stated that little direct evidence for the existence of hormonal activity has been 
produced thus far. 

The analysis of the data obtained by the estimation of the urobilinogen excretion 
shows that the quantity of urobilinogen excreted in the urine was excessively high 
(51 mg. instead of a mg.). This fact points to a marked disturbance in the function 
of the liver in metabolizing the increased amounts of urobilinogen offered by the 
portal circulation. The liver in our case was definitely enlarged, and its disturbed 
function was also manifested by the positive cephalin flocculation test and the 
decrease of the cholesterol ester in the blood. 


SUMMARY 

The hematologic findings in a case of kala-azar under the influence of specific 
treatment are described. The type of the anemia, the hyperplastic bone marrow, the 
increased urobilinogen output before treatment, and the subsequent changes 
following treatment strongly suggest increased red cell destruction (most probably 
hy phagocytosis) as the cause of the anemia. 
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editorial 

Immunohematology 

/^HAUFFARD,’ the great French clinician and clinical investigator made 

, SU ?f St ?" f 1908 that a neW s P cciaIt D “immunohetnatolofy " jLt.. 
be considered. Chauffard had discovered an hemolysin in the blodoTa a" 
acute hemolytic anemia which he described under the designation of “acute hu 
lysinicanemia. Shortly thereafter his Parisian colleagues, Widal, Abrami, ; 
Brule,- described autoagglutinins in cases of acquired hemolytic anemia and sta 
that this type of antibody was characteristic of the acquired cases as oppos'd 
those of the congenital type. n " 

The full merit of Chauffard’s suggestion has only recently come to the lo 
notably through the great advances in the field of the Rh factors. Our own findir 
of iso-antibodies in the blood of cases of acquired hemolytic anemia revived Chat 
fard s original suggestion and led to the production of experimental hemolyi 
anemia with spherocytosis by the use of immune antibody. 3 Further studies i 
monstrated various types of hemolysins and agglutinins, the latter causing injit 
to the envelope of the red cell, which was then hemolyzed by such physical facto 
as mechanical trauma within the circulation. 4 Levine’s concept 5 of iso-immnn 
zation with the Rh factor resulting in the development of anti-Rh agglutinin a 
subsequent iso-agglutination of the fetus’ red cells appeared highly reasonable i 
the light of these considerations. 

The intensive work with the Rh antibodies in hemolytic disease of fhenenbor 
has led to the uncovering of many new facts relating to iso-antibodies and thu 
indirectly to advances in the broader field of hemolytic anemia in general. Man; 
of these advances were the subject of discussion at the recent Dallas-Mexico Cit 
meetings. 6 Demonstration of the so-called anti-Rh ’’blocking” antibody by th 
use of plasma, scrum, or bovine albumin has led to the finding chat similar sou 
bodies are present in acquired hemolytic anemia in general. 7 In our own experience 
sera completely negative for iso-antibodies, using salt solution as a diluent, nut 
show a distinct concentration of antibody with the use of bovine albumin. 

What is more, the antigiobulin test by Coombs, Mourant, and Race 8 for emoa 
strating antibodies adsorbed to the red cell was found of distinct value b) > 1B 
Haberman 3 in bringing out or "developing” the presence of an anfi-Kh tgg non 
in erythroblastosis foetalis. Boorman, Dodd, and Loutit 10 applie t ,s _ KSI 
of congenital and acquired hemolytic anemia and demonstrate a positi ^ 

in the acquired cases, the congenital cases giving a completely negms c • ^ 

concluded that in the acquired cases antibody was adsorbe to ^ 2 _u 

confirming the hypothesis advanced originally by Dames e 
Hill and Haberman' 2 recently concluded that at least 


but not in a 


could be distinguished : (x) those readily demonstrable in 
demonstrable in bovine albumin solution, plasm, or s ““ n re- 
solution medium, and (3) those demonstrable neither 
media hut adsorbed to the red cell. 


sab 


albumin 
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The Rh and Hr factors have proved to be of considerably greater complexity and 
interest than the first-described naturally occurring agglutinogens A and B. Hun- 
dreds of articles have appeared within the last few years dealing with their deter- 
mination, their frequencies in various population groups, their hereditary and 
gene frequency relationships, their application to problems of disputed paternity, 
their occurrence in erythroblastosis foetalis and related conditions, their relation- 
ship to problems of blood transfusion, the various types of associated antibodies, 
etc. 

Thus Chauffard's original idea of a special field of immunohematology has come 
to rapid fruition in the last few years. Undoubtedly still further advances will be 
made as the science of immunochemistry reaches its full development. 

William Dameshek, M.D. 
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OF BLOOD CELLS 


An Experimental Anabasis or Hematopoiesis in the Rat Volk Sac. M. Blak. From the Defier.':: 
of Anatomy, University of Chicago, Chicago, 111 . Anat. Rec. p6: 185-311, 1946. 

In the past many purely morphologic studies of the first circulating blood cells in maiMisafiiay.s 
sacs have been undertaken to determine their nature. The present paper is unique in that it btinjuux 
and interesting technic into this controversial field, the results of which now shed new light » •-> 
problem. Pieces of rat yolk sac from 11 to 17 day embryos were grafted into the anterior chamber eh .-: 
rat eves. These were permitted to remain there for periods ranging from 1 to 30 days after tramp 
Grafts were vascularized by the third or fourth day and the debris incident to transplantation «>« t- 
awav . One of the first and most spectacular changes was the rapid and complete disappearance 0 • 

ervthroblasts. The mechanism for this is not clearly understood. While this process was M 
ntiir bers of definitive erythroblasts, megakaryocytes, and myelocytes developed 
This finding is most striking since these cells normally form an snconsequerrtral percent^ 
sac cells. From 3 theoretical point of view this is extremely important because 1 , . 

which develop primarily into primitive erythroblasts can unfold ot cr P°'"'‘j u |“ 0 ittea 
environment. In addition to these experiments. Block also attempted w 
onic cry thropoiesis by administering various substances to the mother. 0 p.j 

Observations on the Chemical Cttologv oe Normal to M» & 
and E. IV. Dtmpsty. From the Department of Anatoms , Ha _ 

Rec. 96: m*- 1,.. investigating various rismts 

For a number of years Wislocki and his associates has e bee* in « >g ^ ^ a fcr . ath d b- 

phvsica! and histochemical technics. The results 0 t e pr investigated 

air to some morphologic hematologists because peseat in ^ ^ 

glveogen, calcium, iron, niucoprotetns, nudeoptotems, „ strate d in newt opM* 

poiecic tissues from 3 rhesus monkeys. L.po.d i ™ ! . . d ^ Kimbrough Ole- 
ophilic granules. The latter, quite unlike those ported > ^ofhilic W*» ! 

” 1. .L-a „„,f ^irtured as soil 


: paiisis - ” ... 

ophiiic granules, me lairci , w-"- 7 - , . Minute sudanopmim ooai- 

found in megakaryocytic cytoplasm and in blood o{ vie svfic is i-P—*- 

strated only in neutrophilic leukocytes. From a htstolog p „, h „< base sh 

111 1 ^rr.rir.1 STS: 


point ofviesv, » » “T ” tol0 d* * 
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ipccics difference with respect to the presence of lipoidal material. The basophilic granules were 
not digested by either ribonuclease or hyaluronidase. 

O. P. J. 

Hematology of Blood Spots in Eggs of White Leghorn Chickens. A. M. Lucas. From the U. S. 
Regional Poultry Research Laboratory, Port Lansing, Mich. Am. J. Anat. 7^/431-471, 1946. 

Blood spots in chicken eggs are of historical importance since they were first described by Aristotle. 
At present they should attract the attention of investigators working on leukemias since this may 
-.be the way in which avian leukosis is transmitted. Lucas studied blood spots in eggs present in the ovi- 
duct as well as those held for varying periods after laying. Because of Bloom’s criticism of the dry smear 
- method, Lucas relied chiefly on wet fixed smears, which in some instances were followed by the Feulgen 
reaction. Differential blood counts were made of the blood spots and blood of the hens. Lymphocytes and 
monocytes seemed more suceptible to damage than eosinophils and basophils. The latter were most re- 
sistant to degeneration. Macrophages in blood spots had their origin from fibroblasts of parent tissue 
rather than from vascular lymphocytes. 

O.P.J. 

Some Histochemical Aspects of the Mast Cell with Special Reference ro Alkaline Phospha- 
tase and Cytochrome Oxidase. C. R. Novack and IV. Montagna. From the Long Island College of 
Medicine, Brooklyn, N. Y. Anat. Rec. j>C: 175^x88, 1946. 

Mast cells and their granules have been the subject of many morphologic and experimental studies. 
The present authors have attempted to determine their chemical nature and physiologic significance by 
using various histochemical technics. The preputial gland and mesentery of the rat were the tissues selected 
for study because of the relatively high incidence of mast cells. Various technics were used to demonstrate 
the following: alkaline and acid phosphatase, cytochrome C. cytochrome oxidase, lipase, glycogen, 
peroxidase, free iron, lipoids, and aldehydes. The results showed that alkaline phosphatase was localized 
in the majority of mast cell granules. Acid phosphatase activity was present in only' a few. The cyto- 
chrome C. cytochrome oxidase system was also present. Glycogen and lipoid substances were absent. 

O.P.J. 

The Nature of Neutrophilic Granulation. G. Discomlc. From the Pathological Department, St. 
Bartholomew's Hospital, London. J. Path. & Bact. 57L-573, 1946. 

The present article confirms the observations made by Sheehan that leukocytic granules contain lipoid 
(J. Path. & Bact. 49c 580, 1939). Discombe was unable to demonstrate by means of Baker’s formol-calcium 
i Sudan black technic a Golgi apparatus in the pale-staining clear area around which specific granules first 
• appear. The difference in the appearance of neutrophilic granules stained with Leishman’s stain and those 
colored with Sudan black appears to be due to the absorption of one of the azures on the surface of the 
lipoid granule. The size, appearance, and distribution of these granules were indistinguishable from those 
seen in oxidase preparations. 

O.P.J. 

Mitotic Division and Degeneration of Lymphocytes within Cells of Intestinal Epithelium in 
I oung and in Adult White Mice. IV. Andrew and J. M. Sosa. From the Institute of Neurology and 
the Institute for Biological Sciences, University of Montevideo. Anat. Rec. <p: 63-98, 1947. 

In previous articles Andrew and his associates have shown that lymphocytes migrate through epithe- 
lial cells of the duodenum in black mice of strain C 57. During this intracellular passage lymphocytes 
undergo certain changes. The present article reports the results of studying a different strain of mice in 
an attempt to confirm the previous findings and make additional cytologic observations. Twenty-three 
! "bite mice ranging from z days of age to adults were studied. The youngest animals had fewer migrating 
• m Pb°cytes in the villi than in the crypts of Licberkiihn. Activity in both of these locations increases 
"1th age. Some intracellular lymphocytes undergo mitosis, which may be aberrant. Lymphocytes on the 
ar>cal side of epithelial nuclei are frequently twice the size of those on the basal side. The Golgi apparatus 
, !l1 tcc bnic) of lymphocytes in the apical region also becomes modified. At first it hypertrophies and 

J,cr rc R r csscs by golgiorrhcxis and golgiolysis. 


O. P.J. 
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Lymphocytes m THE Intestinal Ermtsuuxr and Peter's Patches or Normal Tm . 

r D :;.r^ 

Kclsall has observed that small lymphocytes contain more desoxyribonuclcoimn-in r,t, , 

fact dw fr b) , th y. FCUlgCn rCa “ iM> *“ thc nudei 0f Scvcral oth " «<«** tissues. Wtf! 
act that Andress' and his associates have recently studied the occurrence of intracellular lymtW 

intestinal epithelium, Kclsall considered it necessary to determine whether or not there svete diifL 

in the chemical compost tton of these lymphocytes and also those present in animals with a rapidlv tm 

tng neoplasm. Tissues from 5 control hamsters and 5 svith a subpanniculary implanted mixed-cell sareor 

svcrc studied. The Pcycr's patch nearest the ileocecal junction tvas removed in each case svith an adjm 

piece of ileum. The vast majority (56 per cent) of the small lymphocytes within the columnar epicH 

cells were located between thc nucleus and the basement membrane. Neither the presence oi a neoplu 

not thc intracellular position of small lymphocytes altered the density of lutnphocytic chromatin as coi 

pared with similar cells in Pcycr's patches. Extranuclear particles of desoxyribonucleoproce'm were \t 

scarce in thc cytoplasm of epithelial cells. This has been interpreted to indicate that small lymphocytes 

this location neither disintegrate nor act as trephocytes. Plasma cells were found in the stroma 0! villi ; 

a few were also present in the basal cytoplasm oi columnar epithelial cells. Thc author hissuzgcit 

that perhaps small lymphocytes within the epithelial cells may synthesize basophilic cytoplasm and tin 

migrate to the stroma of the villi. Many of the findings reported in this article are contrary to those- 1 

Andrew and Collings (An. it. Rec. 96: 445, 1346) and they may be explained on the basis of species A 

ferertee as well as differences in the intestinal tract (torn which the material was obtained. 

O.P.J. 


Lymphocytes within the Cells of Intestinal Epithelium in Man. \V. Andrew mid C. K. Ctllinp. Fro 
thc Departments of Anatomy, Southwestern Medical College and Baylor University College ofDcnti 
try. Ana 1. Rec. 96: 445-458, 1546. 

Duodena obtained from to autopsied human subjects were studied to determine whether or nut lyt 
phocytcs entered epithelial cells and transformed therein a manner similar to that described previously f 
thc mouse (Anat. Rec. }): 151, 1945). The present authors reported that lymphcytcs near the haul ee- 
of epithelial cells arc intercellular while those in the apical ends are intracellular. Lymphocytes 10 tf 
latter position appeared to be undergoing degeneration changes as indicated by pyfcnosis and fragiKst, 
tion. In spite of their intracellular position, lymphocytes may undergo mitosis. These findings, cornu, 
to those made by Kclsall on thc hamster, may be due to species differences. 


Sioerocytcs IN Mammalian Blood. R. A. M. Car,. From the Department of Pathology, The - - ■ 
School, University of Birmingham, England, Proc. Roy. Soc. London, Series B , , i«r W » 
Sidcrocytcs, or red cells containing blue-green granules after staining with act- ip )« 1 
stum thiocyanate in dilute hydrochloric acid, svete demonstrated » the blood 0 «, , 

(and of other mammals by other observers). Sidetocytes appeared most rapidly and « 
in blood exposed to unfavorable conditions of storage and to chemical JJ t! Ba 

hydrazine. Once the siderotic granules have been extruded, the er) t roqu : ap [h{ JMf£t ( 

phologically but is probably more susceptible of phagocytosis. Thc s e ) P 
urinary siderotic granules described by Rous. . given cel 

The author considers it likely that the siderotic change can take place ) ,, 

and that only a definite (and probably small) faction ohemogomc^^ ^ dos£ i r associated, if «« 
It is thought that the stainabic, nonhemann iron of the s 8 ^ , hjt this iron should b 

identical, with the "easily split" blood iron described by other 

regarded as catabolic. particularly in mammals with “ 

There is an obvious need for further studies on siderocytes, particular ) 

with various forms of jaundice. L E ' 
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Tissue Metabolism Studies on Bone Marrow. C. 0 . Warren. From the Cornell University Medical 

College, New York City. Tr. N. Y. Acad. Sc. 8: 111-2.2.7, 1946. 

The in vitro culture of bone marrow cells is potentially a powerful tool for the study of the develop- 
ment of marrow cells, but to date technical difficulties have discouraged widespread use of this procedure. 
At best, such culture can be successfully maintained for only a matter of hours; during this time, however, 
studies of various types can be most instructive. 

Warren employed the Warburg microrespirator to study the metabolic requirements of the cells of the 
bone marrow. His studies led to several conclusions: 

1. Erythroid cells showed a predominance of respiratory (oxygen-utilizing) over glycolytic (lactic- 
acid-forming) activity. Myeloid cells, on the contrary, showed a predominantly glycolytic metabolism. 

2. The normal metabolism of the myeloid cells was virtually identical with that of tumor cells. 

3. Potassium arsenite was found to depress the (oxygen) respiration of normal and leukemic myeloid 
cells. Thio-uracil in high concentrations, but of the same magnitude as attained in the bone marrow of 
patients receiving the drug, also depressed myeloid respiration. It was postulated that this might be the 
mode of production of neutropenia by these drugs. It is of especial interest that pyridoxine was of no 
protective value in this regard in vitro. 

4. When serum instead of saline was used as the substrate, both respiration and glycolysis were in- 
creased to twice their rates. 

Details and further results with this and similar technics may be expected to provide fundamental ex- 
planations of certain problems of bone marrow cells, and of growth in general. 

S. E. 


ANEMIA 


The Anemia of Thermal Burns, f. D. Moore, W. C. Peacock, E. Blakely, and 0 . Cope. From the Department 
of Surgery of the Harvard Medical School, the Surgical Services at the Massachusetts General Hos- 
pital, and the Radioactivity Center of the Massachusetts Institute of Technology, Boston, Mass. Ann. 
Surg. 124: 811-839, j 946- 

The anemia which develops in most patients after full thickness burns involving 10 per cent or more 
of the body surface has been intensively studied by the authors. Bone marrow activity was estimated by 
reticulocyte counts and by measuring the rate of utilization of radioiron. Transfusions of red cells con- 
taining radioiron were used in estimating total red cell mass of the burned patients. Following such trans- 
fusions the concentration of radioactivity in the peripheral blood remained constant under normal con- 
ditions, decreased if the donated cells were rapidly destroyed or if the patient's marrow became active, 
and increased if the patient's own cells were preferentially destroyed. Operative blood losses were com- 
puted from the concentration of acid hematin or of the radioactivity in the washings of sponges and 
drapes. 

Three stages of the anemia of burns are described and it is explained that only one or two of the stages 
m a> be encountered in any one case. The first stage, lasting only a few days, is due to destruction of cells 
and is associated with a transient increase in erythrocyte fragility, the exact cause of which wasnotinves- 
ogated by the authors. Depression of erythropoiesis is considered a likely cause of the second stage of 
anemia, observed during the first week or ten days following severe burns. The third stage, which may be 
separated from the second by a brief period of positive red cell balance, appears in the third or fourth 
veck and is attributed to multiple causes including hemorrhage from the wound. The amounts of blood 
°st during excision of wounds and in changing dressings and the number of transfusions required to 
maintain a normal total red cell mass were surprisingly large. The roles of infection, iron deviation, 
n 'he alarm reaction” are discussed, but no mention is made of the part that may be played by in- 
travascular sludge formation. The need for early replacement of red cells is stressed and it is concluded 

m controlling therapv there is no adequate substitute for serial measurements of total red cell 
volume. 
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do ’ vi "’ Wd p , rmt , TO11 

l E. y. 

T,, ; ! ~ ° F T°? BlODO T *~ ons » « itawaa.ta, Bl , s , r r „ . „ 

E. F. Caiman, and]. Sr, Mr. From the Department of Surgery and the Division of 'iW ^ 
Columbia Presbyterian Medical Center, New York, N. Y Ann. Surg. , v .- ^ ^ 

The authors analyze to cases having flame burns of from jo to So per cent of their E,L Vv 

infh 7 F WmS i' h t°n m ChC ,mCU1 PCrWi ° f Sh<Xk Kaived ad “> uw am0M « of whok UooJir 
em ^ CCk ° f ’ "“a t° PrCVCm the dcvdo P® CDt o! znczah. The data presented, however serve w 
'f l 7‘“ th 1 C Z r , S Z CnCC i fof m f nSU ' C ’ controIicd "- hol = W°° d transfusion therapy during the shock 
period. V hole blood is advocated in preference to blood substitutes because (i) it restores siscosiiv if 
plasma proteins have been depleted, (Y) hemoglobin is a good source of protein, (;) the transfused n*J 
cc mass has a sparing action on body proteins by displacing plasma volume, (4) assimilation of protein 
given by mouth is improved after correction of anemia, and 0 because there may be a physiologic i n . 
crease in blood volume when a large granulating surface is forming. It is admitted that the last-named 
consideration requires further srudy. 

In addicion to transfusions of whole blood, the authors recommend oral administration of jodim 
chloride solution in combination with lactate or bicarbonate in preference to sodium lactate solution 
alone. 

LEY. 


F ataL Aplastic Anemia Following Use of Tridione and a H ydantoin. F. F. Hmisen, S. D. Jihin, 
and D. Ayr. From the Mary Imogene Bassett Hospital, Cooperstown, N. Y. J. A. M. A. rjr 11-13, 
1946. 

Aplastic Anemia and Agranulocytosis Following Tridione. A Fatal Case, R. P . MacbnarJW . K . 
Gottstun. From the University of Illinois College of Medicine and St. Lube's Hospital, Chicago. 
J. A. M. A. }}i: 13-16, 1946. 

These two reports describe, for the first time, the occurrence of aplasia of the marrow following the 
use of tridione for convulsive disease. In the first case a 16 year old girl with grand mi! was maiaiaiccJ 
on tridione and mcthyl-phenyl-ctbyl hvdantoin (a compound related to dilantin) for six months, who 
she rapidly developed aplastic anemia and died despite therapy. The second case was that of a L) ;«r 
old woman who had had pccic mal since the age of 5. After receiving tridione and phenobarbita! fora 
period of ten months, with good symptomatic response and no untoward effects, she suddetdyderelopt 
marrow aplasia and died seventeen days later despite various attempts at therapy. 

It is a fair assumption that in both instances the offending chemical was tridione (3, 5. j-triio-t 
oxazolidinc-i ,4-dione). The cautious use of this material, as recommended by the authors, lscetway 
indicated. c c 


Studies on Malar.al Paras.tes. IV. Some Observations Regarding the Age 0F ™ £p ‘”"'^ 
Invaded nx PUnmdn/mV irnx. ] .W . Ftml«,J-G.Gifoan,andW. C. Ptaroc^. romt c a yp.j. 
School, Boston, Mass., and the Massachusetts Institute of Technology , m rl £ e > 1 

The advent of radioactive iron promises to provide a powerful tool for ba “ a ‘° lo ^'“j I i ; C 
The present report demonstrates an ingenious mode of its app ™ w ‘ b ‘ o hcmog S lobio ln d begins » 
It is known that radioactive iron given intravenously is m rpo js tea up by erythra- 

appear in the blood stream within twenty-four hours. That is. ra '“q" 0 f a blood sample after 
cy les only during the period of their formation. Hence the - J '™. “ t0 J h food *** 
dose of radioactive iron is a measure of the rate of addition c ,„d blood «« 

A patient who was inoculated with P. max was given ra coaC entration. It »“ l *~- 

subsequently taken for erythrocyte counts, P~ - J “ ^ivity of whole to* ^ 
that the radioactivity of the concentrates great!; > of thc radioactive iron, the ««<*»- 

radioactivity is limited to red cells formed after the mjecti 
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therefore contained a large number of young cells. The method of concentration, however, was for the 
malarial parasite; i.e., the concentrate contained largely parasitized cells. Hence, it could be concluded 
that the parasite preferentially invades the young red cell. 

Of even greater importance than this result is the ingenuity of the method, which serves to demon- 
strate the tremendous potentialities of the use of radioactivity in fundamental hematologic investiga- 
tions. 

S. E. 

Congenital Hemolytic Anemia — A Case Requiring Early Splenectomy. E. Conrad and R. E. Schmidt. 

From the Department of Pediatrics, Duke University School of Medicine and Duke Hospital, Durham, 

N. C. Am. J. Dis. Child. 7 2: 731-733, 1946. 

A case is reported of a white boy who developed classical evidence of congenital hemolytic anemia 
at the age of 17 days. Pertinent findings were anemia, jaundice, splenomegaly, hepatomegaly, micro- 
spherocytosis, reticulocytosis, nucleated red cells in the peripheral blood, and increased fragility of eryth- 
rocytes in hypotonic saline. The mother's blood also showed spherocytosis and increased osmotic 
fragility. Although detailed studies on the survival of donated cells were not made it is stated that the 
child's hemoglobin fell rapidly following transfusion. Splenectomy was performed at the age of 10 
weeks with good response. It is implied that this is the earliest age at which symptoms and signs of 
congenital hemolytic anemia have been reported. Sections of the spleen are described as showing 
an increase of iron pigmenc and fibrosis in the sinusoidal tissues. No mention is made of the degree to 
which the SDlenic pulp was filled with red cells. 

L. E. Y. 

Morphological Changes in the Red Cells in Relation to Severe Burns. A. Brown. From the Royal 
Infirmary, Glasgow. J. Path. & Bact. ;S: 367-371, 1946. 

It was reported previously that when burns involve more than 15 per cent of the body surface, they are 
frequently accompanied by a moderately severe anemia. The present article extends observations along 
this line to include variations in the mean corpuscular volume, mean corpuscular diameter, and mean cor- 
puscular average thickness in relation to osmotic fragility-. In cases with the less severe burns micro- 
spherocytosis was present in the stained films, while cases with the more severe burns showed frag- 
mentation and degeneration of red cells svithin a few hours after burning. Brosvn concluded that these 
morphologic changes were due to the direct action of heat on the cells. 

O. P. J. 


POLYCYTHEMIA AND THE LIFE SPAN OF THE 
ERYTHROCYTE 


The Increase in Hypoxia Tolerance of Normal Men Accompanying the Polycythemia Induced ey 
Transiusion of Erythrocytes. N. Pact, E. L. Loaner, W. V. Consolazjo, G. C. Pitts, and L. J. Pccora. 
From the Naval Medical Research Institute, Bethesda, Maryland. Am. J. Physiol, ij!: 151-163, 1946. 
Thcsc studies were undertaken in an attempt to determine the effect of artificially produced poly- 
cythemia on tolerance to high altitudes. One thousand cc. of red blood cells were transfused into each of 
5 normal subjects during a period of four days. The mean hematocrit was increased from 46.1 to 58.3 per 
ccnt , an mcreasc greater than had been expected, and believed to have been accounted for by hemocon- 
centration. No adverse symptoms attributable to the polycythemia were encountered, and there was 
-finite increase in the tolerance of the subjects to hypoxia, as judged by the puls; rate during exercise 
nn -r conditions of lowered oxygen tension. The exercise pulse rate dropped sharply following the 
fans usion of red cells and gradually increased during the follosving fifty days as the hematocrit dc- 
tttas.d toward normal. It was estimated that the transfused subjects at an altitude of 15,500 feet had the 
-amc tolerance to exercise that the untransfused controls had at 10,300 feet. 

artificially induced polycythemia persisted for approximately fifty days, about half the time 
estimated for the maximum life of transfused red blood cells. This svould indicate that cither there had 
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lattcr sccmed c °' £hr0c> : tc /orffiJ *o- Tk 

decrease in reticulocytes followed the transfusions This mcnc c - vcr e«°n, but a definite 

inhibited „ , TO *** b, tbe p,e„« „"£ >« 

J.F.R. 

The Life Span- op the Human Red Blood Cell. D. Shtmn and D Ritlmhr ? Fmm th n, 

“5 C * ec “ J Sto lj ®Sr« 

Glycine labeled with N«* was fed to a man, resulting in the formation within the en-thtoevte ef 
heme containing a comparatively high concentration of the isotope. The level of N ,s was foMou ed "in th* 
circulating bloody The value rose rapidly to a high level, remained constant for about three months, Jj 
then fell. From this the average erythrocyte life span was calculated to be ity days. 

It was apparent that the heme pigment was a fixed molecule, not involved in "the dynamic metabolic 
exchange shown to exist in most tissues. Its final disappearance coincided with tbe destruction o! the 
erythrocyte. The figure of red cell life span by this method corresponds well to measurements by other 
reliable technics, 

C. A.F. 


BLOOD GROUPING AND THE Rh FACTOR 


The Effect of Cerebro-Spinal Fluid on the Interaction between Rh Agglutinins anb Aggu- 
tinooens. R. Jahlowicx. and L. M. Btyci. From the Red Cross Blood Transfusion Service (Victoria 
Division) and the Walter and Eliza Hall Institute of Research in Pathology and Medicine, Meibom:. 
M. J. Australia z: 740-743, 1946. 

Cerebral spinal fluid of normal chloride and protein content was found to have an inhibitory action 
on the anti-Rho agglutinating antibody. Agglutination of Rh t cells was completely inhibited when 
cerebrospinal fluid was used in place of saline as the diluent for the sera and the suspension media 0! 
the cells in three out of six sera, and the inhibition was partial but incomplete with three sat. 
This inhibitory effect was partially counteracted by the addition of human serum and was completely 
overcome by cite addition of albumin. Fluids containing the inorganic and some of the organic consti- 
tuents of cerebrospinal fluid failed to produce inhibition. Five of the fifteen samples of cerebrospinal dot 
used were Rh negative individuals, so the inhibition of agglutination was not due to the presence 0 
the specific substance and was probably dependent on a variable factor in the serum. Ccrchrospina 
fluids from other species exerted an inhibitory effect, as did abnormal human fluids of increas F 01 ' n 
content. Since the inhibitory effect of cerebrospinal fluid is overcome by agents known to aid *SS* 
tinarion of cells by the blocking antibody, it is suggested that inhibition may be related to 1 e cm m 
sion of the agglutinating antibody to a blocking antibody. It is not clear whether t e P r “ ccc f 
spina! fluid prevents the sensitization of cells by the anti-Rh antibody or fails to F°' ! c ‘ ? n ‘ 
media for agglutination. Observations designed to detect sensitization of cells exposed t 
spinal fluid anti-Rh serum mixture should settle this point. ^ j y 


HEMOGLOBINEMIA AND BILIRUBINEMIA 


A Fatal Hemolytic Reaction Following Transurethral R “® c ”°^ 0f J ftom th . Urologicd 
Discussion or Its Prevention and Treatment. C. D- * 5 ' ’ Minneapolis, Minn. SutgKT 

Division of the Department of Surgery of the Univcrs.ty of M.nnesota, F> 

ar.' 36-66, 1947- , , s 0 p j n travasculat hemolysis in transureth 

This is the first report calling attention to the haza 



ABSTRACTS 


395 


prostatectomy. The authors report a case of fatal anurea and postulate that the distilled water used as 
irrigating fluid during the operative procedure caused hemolysis by gaining access to the blood stream. 
Similar observations have been made at at least two other clinics and provide ample evidence of the 
potential hazard of this operation when distilled water is used. 

C. A. F. 


Physiologic Icterus or the Newborn'. £.. IV. Frtttnan, A. Locwy, and A. Johnson. Fed. Proc. 30, 1946. 

By the fifth day of life, infants generally show an increase in the serum bilirubin. It has been shown 
that the level of free fatty acids and soaps in the serum of animals and human beings increases after the 
ingestion of fat; and, according to the authors, are enough to account for hemolysis sufficient to cause a 
significant bilirubinemia. Furthermore, the diet of the newborn infant is stated to have a higher fat 
content than that of the fetus. 

On the basis of these postulates. Freeman and his co-workers obtained umbilical cord blood from 50 
newborn children and then divided them into three groups according to the (controlled) fat contents of 
their respective formulae. Their results were as follows: 


Control group (3.6% fat). 

Group 1 (1.8% fat) 

Group a (0.03% fat) 


Serum bilirubin 
at birth 

1.36 mg. % 
1.36 mg. % 
1.36 mg. % 


Serum bilirubin 
on 5th day 

5.41 mg. % 
4.Z1 mg. % 
3.09 mg. % 


The conclusion drawn from these results is that the amount of fat ingested plays some role in the pro- 
duction of neonatal icterus, by affecting the amount of hemolysis. This conclusion seems justified, 
although it would be desirable to have erythrocyte levels to judge the relationship between the occur- 
rence of bilirubinemia and destruction of red cells. There are various causes for jaundice in the newborn; 
and even so-called "physiologic'' jaundice is probably a heterogeneous group, due perhaps in some 
cases to the mechanism here postulated. 

S.E. 


AGRANULOCYTOSIS AND LEUKOPENIA 


Sphingomyelins: Their Action on Blood Cells, Particularly Lymphocytes; Their Share in the 
Nucleinate-like Action or the Ether-insoluble Fraction or Brain Lipoids. E. H. Tompkins. 
From the Department of Anatomy, Vanderbilt University School of Medicine, Nashville, Tenn., and 
the Laboratory of Applied Physiology, Yale University, New Haven, Conn. Bull. Johns Hopkins 
Hosp. 6 ;: 57-77, 1946. 

The author has presented evidence previously to show that ether insoluble fractions of lipoids 
("protagon") produced a leukopenia followed by a lymphopenia and granulocytosis, then a lymphocy- 
tosis following injection into rabbits. Sphingomyelin obtained by further fractionation of the above 
lipoids produced a reaction characterized by a lymphopenia and a moderate granulocytosis. The circu- 
lating lymphocytes began to decrease in numbers shortly after injection and reached the lowest in 5 to 7 
hours later when the number varied from 53 to 80 per cent of the control value. The granulocytes reached 
a peak of increase 3 to il hours after injection, showing a 15 to 108 per cent increase over the control 
values. The number of monocytes varied in relation to the lymphocytes and the numbers of all three 
elements were back to the control level il to 15 hours after injection. Control observations with 5 per cent 
glucose failed to show similar reactions although egg lecithin produced results somewhat similar but 
lesser in degree. The author calls attention to the differences and similarities in results obtained with 
sphingomyelin and the parent material "protagon” and suggests that sphingomyelin is responsible for 
the lymphopenia produced by "protagon." The similarity of the reaction to sphingomyelins to that 
following injections of pituitary adrenorropic and adrenal cortical hormone is pointed out and the theory 
of reciprocal relationship between the number of circulating lymphocytes and granulocytes is discussed. 



398 


abstracts 


Blood was obtained from the tail and studied at weekly intervals 

- m, * „ 

operated tats showed no change front normal. The rat! on 1^3 & ^ 

total erythrocyte count and the hemoglobin level. d “ ,ncRa » » fc 

Reticulocyte counts, though variable, showed a decrease following hyponhvs-ctomv K „ • , 

normal in the other two groups of animals. P P ) - . ut remained 

There were no changes found in the total white cell count or in the differential white tell co art 

the?one ma C rro,r' VS h >W^- No differential counts were nnd :m 

Hypophysectomy in adult rats produced a decrease in total erythrocyte count, a decrease in hemorto- 
brn, a decrease rn ret.culocyte percentage, and a hypoplasia of the bone marrow. These results were net 
due to the surgery or the decreased food intake. There were no changes in the white cell counts. 

R.C.C. 


Tun Hypophysis and Hemopoiesis. 0. 0. Meyer, E. W. Tbewlis, art H. P. Rmb. From the Depart™ of 

Medicine, University of Wisconsin Medical School, Madison, Wis. Endocrinology 171531, ,530. 

This paper is involved with attempts to prevent the development of the anemia which is induced by 
hypophysectomy with injections of various hormones. 

Grow th hormone from the anterior Jobe of the pituitary increased the number of reticulocytes, hat 
this increase was not accompanied by an increase in the total erythrocyte count or the hemoglobin level. 

Injections of 0.4 mg. of thyroxine every second day into hypophysectomized rats produced a reticulo- 
evtosis. The total erythrocyte count and the hemoglobin showed a gradual decline, but this antmii 
was not so severe as after hypophysectomy and no treatment. Thyrotropic hormone, from the anterior 
lobe of the pituitary, showed similar results. 

Adrcnotropic hormone also produced a reciculocytosis but the total erythrocyte count and the hemo- 
globin decreased just as if no treatment had been given. 

Following thyrotropic hormone and thyroxine treatment, the anemia of hypophysectomized animals 
was not so severe. It would seem that the atrophy of the thyroid gland, known to occur following 
hvpophvscctomy, might be one factor in the cause of this anemia. 

R. C. C. 


The Effects of Endocrines on the Formed Elements of the Blood. Part I: The Effects or Hyiwut- 
jSECTOMY, Thyroidectomy, and Adrenalectomy on the Blood of the Adult Female Rat. R. Crjjtt . 
From the Department of Anatomy, Boston University School of Medicine, Boston, Mass. Endocrinol- 

ogy 2f: 596, 1941. , , , , 

The object of this paper was to compare the effects of hypophysectomy, thyroidectomy, and adrenal tc- 
tomy on hemopoiesis in the adult female rat in an attempt to determine whether the effects produced J 
hypophysectomy were primarily due to the removal of that gland or seccndaril) due to i c ec 
activity in the thvroid and adrenal cortex known to occur following hypophysectomy. 

Hypophysectomy produced, in 40 days, a decrease in the total erythrocyte count f°w * * 
level of 8.lo million cells per cu. mm. to between 5.0 and 6.0 million cells. The hem og 0 ° P ^ 
100 per cent to 70 per cent. Reticulocyte percentage dropped from 1.7 per cent to 0" 
cases. The total white cell count, although quire variable, showed a . £ differential white 

of S.S thousand cells per cu. mm. to 15.S thousand cells. There was no cha g 

cell count. , . to 6.47 million 

Thyroidectomy produced the following results. The erythrocyte coum < * * 1 h 

cells in 90 days. The anemia was much more gradual in its development than that HU S > 
"aomy The hemoglobin decreased slightly. The total white cell count renamed normal 
ferential cell count showed a lymphocytopenia and a neutrophilia. on { am Nad-) 

Adrenalectomy produced the following results. (All Rmmals were ^ „ c „ rlS al 

The erythrocyte count and hemoglobin both showed temporal) decrea 
levels. All other features remained normal. 

The bone marrows were not studied. 
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These data indicate that the thyroid may play a role in the anemia which is induced by hypophysec- 
tomy but that the adrenal cortex does not. The possible roles of water balance, inanition, and poste- 
rior lobe removal arc discussed. 

R. C. C. 


ErFECr or Sex and Gonadotropic Hormones upon the Blood Picture of the Rat. E, P. Vollmcr and 

A. S. Gordon. From the Department of Biology, Washington Square College of Arts and Sciences, 

New York Universtiy, New York City. Endocrinology ay; 818, 1941. 

Testosterone propionate injections raised the erythrocyte count of hypophysectomized rats from the 
typical anemic levels to normal. The hemoglobin did not return to normal levels but did increase. Preg- 
nant mare scrum injections, known to stimulate the release of androgens from the testes, had similar 
effects. In both groups of rats a reticulocytosis and a bone marrow hyperplasia occurred. 

Estradiol benzoate, on the other hand, had opposite effects. The anemia of hypophysectomized 
animals was increased. Injections of pregnant mare serum in the hypophysectomized female rats had 
no effect. Reticulocyte counts were low and the bone marrow exhibited a hypoplasia. 

Pregnancy urine extracts produced no changes and progesterone injections gave inconsistent results. 

These data indicate that androgens can be classed as erythropoietic agents while estrogens cannot. 

R. C. C. 

ErFEcrs of Hormones on Erythropoiesis in the Hypophysectomized Rat. E. P. Vollmcr , A. S. Gordon, and 

H. A. Chanppcr. From the Department of Biology, Washington Square College of Arts and Sciences, 

New York University, New York City. Endocrinology ;i: 619, 1941. 

Adult male rats were hypophysectomized and the subsequent anemia allowed to develop. Attempts 
were made to eliminate this anemia with injections of (1) adrenal cortical extract, (a) desoxycorti- 
costcrone acetate, (3) prolactin, (4) crystalline thyroxine, and (5) thyroid powder. 

Adrenal cortical extract: 5 rats were given 1 to 1 cc. of this extract daily for 5 weeks. No beneficial 
effects were obtained. 

Desoxycorticosterone acetate: 6 rats were given daily injections of 1.0 mg. of this material for 40 days. 
A slight increase in erythrocyte count occurred. There was no change in reticulocyte counts or hemo- 
globin levels. 

Thyroid powder plus desoxycorticosterone acetate: 7 rats were given 1.0 mg. of DOCA plus a ration 
containing 8.3 mg. of thyroid powder per Gm. each day. The latter was given orally. The erythrocyte 
count returned to normal levels. The hemoglobin increased "approximately to normal." The reticulo- 
cytes increased initially and then decreased. The bone marrow showed considerable repair. 

Crystalline thyroxine: 8 rats were injected with daily doses of 0.01 to 0.03 mg. of thyroxine for 5 
weeks. The erythrocyte count increased from 6.40 million cells per cu. mm. to 8.z million cells. The 
hemoglobin also increased but the percentage increase was only half as great as obtained in the eryth- 
rocyte count. The reticulocyte response varied from no response to a slight response. The bone mar- 
rows gave the appearance of complete repair. 

Prolactin: 4 rats were given daily doses of 0.5 to 1.5 mg. of this material for 40 days. These injections 
produced moderate gains in erythrocyte and hemoglobin levels and a fair repair of the bone marrow. 

Of these hormones, thyroxine seems to have produced the most beneficial effects. 

R. C. C. 


Errrcr or Androgens on the Blood Count of Men. E. P. McCulUgb and R. Jones. From the Cleveland 
Clinic, Cleveland, Ohio. J. Clin. Endocrinology 2: L43, 194Z. 

Twelve men were treated with testosterone propionate, methyl testosterone, or both combined. 
Eight were eunuchoids, z had hypogonadism, and z were sexually mature men. Studies were made on 
erythrocytes, hemoglobin, hematocrits, and leukocytes over periods varying from 1 month to 8 years. 

'With therapy, 7 of the 8 eunuchoids exhibited a rise in hemoglobin, erythrocyte, and hematocrit 
levels. These were decreased upon withdrawal of therapy. 

Those patients showing a rise in the blood count also showed a rise in the basal metabolic rate. 
These data showed that there was an increase in the BMR when androgen injections were given 
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to the human beings, indicating that androgens possibly stimulate hemopoiesis through increasing the 
metabolic rate. 

R.C.C. 

The Etfects of Iron, Copper, and Thyroxine on the Anemia Induced by Hypophyjktomy is thi 
Adult Female Rat. R. C. Crafts. From the Department of Anatomy, Boston University School o! 
Medicine, Boston, Mass. Am. J. Anat. 75; 167, 1946. 

This report deals with findings obtained in an attempt to determine why a severe anemia occur afire 
hvpophysectomy. 

' This work revealed that the anemia induced by hypophysectomy was of the microcytic hypochromic 
type, which was accompanied by a hypoplasia of the bone marrow. Hypophysectomired rats acre, 
accordingly, treated with ferrous sulfate, ferrous sulfate plus cupric sulfate, thyroxine, and ferrous sulfate 

plus cupric sulfate plus thyroxine. 

Daily injections of 0.01 mg. of thyroxine, 0.5 mg. of ferrous sulfate, and 0.015 mg. of cupric sulfite 
for to days, follosved by daily injections of 0.01 mg. of thyroxine, 1.0 mg. of ferrous sulfate, anl 0.1 
mo of cupric sulfate for 10 days produced the best results. The combination of these three roateruls, 
injected into hypophvsectomired adult female rats, maintained a normal erythrocyte count, completely 
prevented the microcvtosis, practically prevented the hypochromia, not only prevented the hypaphsu 
of the bone marrow 'but produced a hyperplasia, and increased the number of erythro. 1 elements .0 
the bone marrow from the mean normal control level of 50.1 percent to 59.5 per cent of matrons cells 
The mean percentage of erythroid elements in hypophysectomtzed rats was 40.8. 

*= »...«« ~t pi-i » ■>« * r , 

marrows arc included. R. C. C 

Erixcrs or Hypophtsectomy, Castration, and ^hool'o^Mtdic^e! 

Male Rat. R. C. Crafts . From the Department of Anatom) , Boston 

Boston, Mass. Endocrinology it -’ 4 «. « fCtom j zc(i a „d treated with 1.0 mg. of testos- 
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kopcnia. In one ease the leukocyte count went up as high as 133,000 cells per cu. mm. Differential 
counts showed that the neutrophils were the cells responding. The other cells remained at normal levels. 
A gradual decrease in erythrocyte and hemoglobin levels accompanied this rise in total white count. 
The blood platelets decreased in number to such an extent that thrombocytopenia followed. 

Bone marrow: The bone marrow became hyperplastic, the myeloid elements being responsible. This 
was followed by areas of hypoplasia. No differential counts were made on the bone marrow. 

Liver: The results were inconstant. Four dogs showed some fatty degeneration, 1 moderate central 
necrosis, and 1 showed no changes. 

Compared by estrogenic potency, estradiol produced more rapid and more profound changes in the 
bone marrow and the blood than did stilbestrol. 

R. C. C. 


The ErFEcr or Endocrines on the Formed Elements of the Blood. Part II: The Effect of Estrooens 

on the D00 and Monkey. R. C. Crafts. From the Department of Anatomy, Boston University School 

of Medicine, Boston, Mass. Endocrinology 39; 606, 1941. 

Adult female dogs were treated with daily injections of either estradiol benzoate or stilbestrol. The 
severity of the response varied from animal to animal. A typical response was as follows: 

An adult female dog was given injections of 5 mg. of stilbestrol for xy days followed by 10.0 mg. for 
7 days. This resulted in a sharp rise in the total white cell count to a peak of 54.3 thousand cells per cu. 
mm. in 13 days. This was followed by a rapid drop to xco cells per cu. mm. by the 34th day, the day 
of death. Differential counts showed the neutrophils to be responsible for this rise. The erythrocyte 
count gradually decreased from 6 . 4 million cells to 4.0 million. Thrombocytopenic hemorrhagic purpura 
started cn day 15. 

The other dogs reacted in a similar rrarnir except that they withstood the injections for longer periods, 
one lasting 111 days before it died. 

This same treatment, with 10.0 mg. cf stilbestrcl, was given to adult female rhesus monkeys. This 
daily dose of esrrogcn, a fourfold dose per body weight, had no effect upon hemopoiesis in the monkey. 
With partial liver damage, imposed by oral administration of CC 1 ,, estrogens would produce an anemia 
in the monkey. Ac no time, however, was there a leukocyte response such as observed in the dogs. 

This paper goes into detail on the normal hematologic figures for the monkey, comparing results 
obtained with those reported in the literature. The first blood sample obtained from a monkey, being an 
intractable beast, was very misleading. This first count showed a high white cell count with lymphocytes 
predominating. After a few weeks of training, the figures for the monkey were observed to be similar 
to those for the human being. 

These data indicate that any estrogen in large doses is toxic to the bone marrow in dogs. Bone marrow 
studies were not included in this report. 

R. C. C. 


Influence or Hormones on Lymphoid Tissue Structure and Function. The Role of the Pituitary 
Adrenotropic Hormone in the Regulation of the Lymphocytes and Other Cellular Elements 
or the Blood. T. F. Dougherty and A. White. Department of Anatomy, Yale School of Medicine, New 
Haven, Conn. Endocrinology j;: 1, 1944. 

The object ol this paper was to prcsenc evidence that the pituitary adrenotropic hormone is the factor 
which regulates the number of blood lymphocytes. 

bmgle injections of adrenotropic hormone in rats, rabbits, and mice produced an absolute lympho- 
penia. This reaction occurred within a few hours after the injection. This response could not be elicited 
in adrcnalcctormzed animals or in intact animals treated with pure protein. The authors thus claim that 
the hmphtcvtc response is specific to the hormone injection. 

The total erythrocyte count and the hemoglobin levels showed a slight decrease. 

These same responses could be elicited with adrenal cortical extract, adrenal cortical steroids in 
ml, corticrsterone, or compound F of Wintersteiner. 

These same authors, in other publications, have found 3 correlation between this decrease in lym- 
phocyte number and an increase in scrum protein, indicating the release of the protein from the broken- 
down lymphocytes. 


R. C. C. 
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Nitrogen Mustards in the Treatment of Neoplastic Disease. C. P. »«/, From .hr r™, • 
G,»,h .total to* a»«a. D.C. j, A. M. a',A«* 

Nitrogen Mustard Therapy. Use of Methyl-Bis (Beta-Cbloroethye). AmiL , 

Tws (Beta-Cihoroethti.) Amine Hydrochloride FOR Hodgkin's Disease, Ltmphosarcom* ' W 

Tf" wTa- CE a TAIN AKD Misceixaneous D,50rderS - L .S'- Al. Al. M, H' 
jM, Al. /. Goodman ; A Gilman , and M. T. McLennan. J. A. M. A., rjr 116-131, 1946 

Nitrogen Mustard Therapy. Studies on the Effect op Methyl-Bis (Beta-Chmokthyl) Amine Hi- 
drochloride on Neoplastic Diseases and Allied Disorders of the Hematopoietic System L 0 

{*" C L S t m ’ E ■ S - G - Bmm - T ■ Smitb - C - *nd G. F. Dick. From the Depart^, tf 

Medicine, University of Chicago, Chicago, HI. J. A. M. A. tyi: 163-171, IJ4 6. 

These three reports summarize extensive investigations of the effects of the nitrogen mustards on av 
plastic diseases, especially disorders of the hematopoietic system. A total of some ifo patients were 
treated. The official statement of Rhoads summarizes the results iu a series of general statements: 

i. The toxic effects of the mcthyl-bis compound are (a) local inflammation, if the material craps 
from the vein; (b) nausea, vomiting, weakness, anorexia, and headaches, in a matter of hours; and (c) 
lymphopenia, neutropenia, anemia , and (rarely) hemorrhagic tendencies, often with thrombocyropmii. 

i. The limits of therapy are as follows; (a) the nitrogen mustards do not cure; (b) the tumor regres- 
sions are transient, rarely extending beyond several months; (c) the chief toxicologic effect is hcmiro- 
poietic damage, which at times may exceed damage to the tumor treated. 

3. The effects of therapy are as follows: (a) In Hodgkin’s disease, there may be dramatic dissolution 
of lymph nodes, with marked systemic improvement. The effect lasts from two weeks to eight months; 
subsequent relapses respond less and less to repeated therapy. In some cases, nitrogen mustards tetrad 
to make radioresistant tumor masses more radiosensitive. (b)In lymphosarcoma, giant follicle lymphoma, 
chronic lymphatic leukemia, and chronic myelogenous leukemia, the mcthyl-bis compound seems 10 k 
approximately as effective as x-ray therapy'. Goodman et al. reported occasional good results in lympho- 
sarcoma. (c) There was no effect in the acute leukemias, (d) Rhoads ct al., found encouraging results in 
anaplastic carcinoma of the lung, (e) Jacobson ct al. found good results in polycythemia vera. 

S. E. 


Multiple Myeloma. A Review of Eighty-Three Proved Cases. E. D. Bsyd m /1 F. ]. Hick From the 
Division of Medicine, Mayo Clinic, Rochester, Minn. J. A. M. A. z}jr i 4 ~i 57 > 

Thc authors review the symptoms and findings in 83 patients proven by marrow biopsy and/or amop) 
to have had multiple myeloma. Treatment was uniformly of no value. Death occurred in from j m°nt to 
84 months after the onset of the disease, with an average of some 19 months. Tabulation 0 t c ptmctpi 


abnormalities was as follows: ^ 

;C c 

Multiple bone lesions .^c- 

Elcvated serum protein ’ ' 

(In all but three cases, the ratio of albumin to globulin was reversed.; ^ 

Renal dysfunction • 55 w 

Marked rouleau formation .»% 

Anemia .55% 

Bence-Jones proteinuria 11% 


Negative x-rays 10% 

Myeloma cells in peripheral blood _ • • - of Bfnc . w s ' proteinuria, or to the fed 
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Stilbamidine and Pentamidine in Multiple Myeloma. I. Snapper. From the Mt. Sinai Hospital, New 

York City. J. A. M. A. 13 3: 157-161, 1946- 

Multiple myeloma has, in common with the otherwise unrelated disease kala-azar, an almost con- 
stant rise in the level of serum globulin. Because stilbamidine (diamidino stilbene; there is no antiroonj 
in this compound) is curative in kala-azar, Snapper decided to test its effect in myeloma, with remark- 
able results. 

The effect of stilbamidine on the myeloma cells was to produce large cytoplasmic granules, which 
Snapper believes to consist of ribose nucleic acid. No such granules appeared in the other cells of the 
bone marrow. The effect of stilbamidine on the patient was to cause a disappearance of bone pain. The 
author believes that the drug arrests the proliferation of the myeloma cells for a period of time, and 
thereby eliminates the mechanism of bone pain in the disorder. Objective x-ray bone changes, in the 
direction of healing, occurred in some patients. There was no effect on the level of the serum globulin 
or on the excretion of Bence-Jones protein in the urine. The drug was ineffective unless the patient received, 
at the same time, a diet poor in animal protein — presumably because stilbamidine and arginine, which 
resemble each other chemically, may compete for the same chemical group in the myeloma cell. Caution 
is recommended in patients with renal disease. In a few cases a related compound, pentamidine, was also 
found useful. 

The value of this discovery cannot be overemphasized. It may allow insight into the nature of the 
myeloma cell, with which stilbamidine apparently combines specifically; and if indeed the myeloma 
cell is the source of the abnormal serum globulins and the Bence-Jones protein found in the disease, 
further study of these abnormalities may prove profitable. It might also be of value to test the effect of 
stilbamidine on bone pain due to other disorders (presumably such pains would not be affected) and the 
effect of arginine (animal protein) on myeloma, in support of the author's mechanism of the action of 
stilbamidine. To the patient, stilbamidine and pentamidine may be symptomatic boons. 

S. E. 

Histopatiiology of Monocytic Leukemia. P. A. Herlut and F. R. Miller. From the Department of Medi- 
cine, Jefferson Medical College and Hospital, Philadelphia. Am. J. Path. 23: 93-114, 1947. 

Like so many other articles on the subject of monocytic leukemia, the present one commences by 
stating that the first case was reported by Rcschad and Schilling-Torgau in 1913. Downey (Handbook of 
Hematology) has thoroughly reviewed this subject and has pointed out why the so-called first case should 
be excluded from this group. Downey has also shown that monocytes in the leukemias may arise from 
the reticulo-cndothelial system or from the myeloblast. In the present article histopathologic changes 
in S cases of leukemia have been studied, reported, and illustrated. Althtfugh Herbut and Miller were 
unable to demonstrate in all cases a definite hyperplasia of the reticulo-cndothelial system resulting in a 
transformation of these cells into monocytes, they believe the reticulum acts as the precursor of mono- 
cytes. 

O. P. J. 

Monocytic Leukaesioid Reaction Associated with Tuberculosis and a Mediastinal Teratoma. 

A. Gibim. From the Central Pathological Laboratory of Sector 8, E. M. S., St. Thomas’s Hospital, 

Godaiming. J. Path. & Bact. jS: 469-476, 1946. 

Although much has been published about the various monocytic leukemias, the origin of monocytes 
is still open for discussion and little has been published about monocytic leukemoid reaction. The present 
case report focuses attention on the latter. Autopsy revealed that the bone marrow and splenic sinuses 
were filled with monocytes, whereas the alveolar exudate, stroma of the teratoma, and many smaller 
blood \ cssels contained numerous monocytes. No real leukemic infiltrations were found in the lungs, liver, 
kidneys, or suprarcnals. Monocytes were present in relation to tuberculosis foci in the lung and liver. 

O. P. J. 
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At an informal gathering in Atlantic City on May 5> z 947 in conjunction with 

• 1C w! 1 ? °! ! he SoC1 , Cty of CIlnical Investigation, about 30 physicians interested 
in the field of hematology discussed the pros and cons of international ami na- 
tional societies of hematology. It appeared to be the concensus of opinion that: 

1. An international society of hematology, already in process of formation, was 
of great potential value in fostering relationships between hematologists in vari- 
ous parts of the world. 


1. The formation of a national society of hematology was inadvisable at this 
time. Numerous local and state hematologic societies or clubs were already in 
existence; the international society would take care of more formal meetings. A 
formally organized national society might tend to foster the further break-up 
of internal medicine into numerous small, highly specialized compartments to the 
detriment of both internal medicine and hematology. It was to the advantage of the 
physician in hematology to remain in close contact with the broader fields of in- 
ternal medicine and pathology. 

3. The desire of individuals interested in the same general field to convene could 
best be carried out, at least for the present, by the formation of a highly informal 
"blood club" or "hematology club,” to meet in conjunction with the annual 
Atlantic City meetings of the Society for Clinical Investigation and the Association 
of American Physicians. A program similar to that carried out by the Central 
Society for Clinical Research in Chicago could be provided. This consists of an 
annual dinner followed by a round-table discussion of a series of selected topics. 

4. The first (tentatively) scheduled meeting would be held on Sunday evening, 
May z, 1948, Atlantic City, invitations to be sent in due course to all those physi- 
cians who have shown an interest in the field of hematology. 

Those present at the informal meeting above referred to were as follows: 


Benjamin Alexander, Boston 
Howard Alt, Chicago 
Frank Bethell, Ann Arbor 
William Damcshek, Boston 
C. S. Davidson, Boston 
A. DeVries, Jerusalem 
Charles Doan, Columbus, Ohio 
G. Emerson, Boston 
Ray F. Farquharson, Toronto 
Claude Forkner, New York 
Paul Fouts, Indianapolis 
Willis Fowler, Iowa 
j. J. Groen, Amsterdam 
R. Hcinlc, Cleveland 
John Lawrence, Rochester 


Stacy Mcttier, San Francisco 
Leo Meyer, Brooklyn 
O. O. Meyer, Madison, Wis. 

F. R. Miller, Philadelphia 
Carl Moore, St. Louis 
Savas Nittis, New Lork 

E. E. Osgood, Portland, Oregon 


Joseph Ross, Boston 
Wayne Rundlcs, Durham, N. C. 

L. Tocantins, Cleveland ^ 

Louis Vasserman, New York 

Charles H. Watkins, Rochester . ^ - 

Maxwell M. Winrrobc, Salt Lak • 
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In addition'the following expressed regrets at being unable to attend the meeting 
but in most instances wished to be included in any future society developments: 


Alan Berstein, Baltimore 
Gurth Carpenter, Los Angeles 
\V. B. Castle, Boston 
L. F. Craver, New York 
Elmer DeGowin, Iowa 
Louis K. Diamond, Boston 
Clement Finch, Boston 
Russell L. Hadcn, Cleveland 
Hale Ham, Boston 
J. M. Hill, Dallas 
Raphael Isaacs, Chicago 
O. P. Jones, Buffalo 
R. R. Kracke, Birmingham 


Philip Levine, Raritan, N. J. 
Eugene Lozner, Boston 
G. R. Minot, Boston 
Fred Pohle, Madison 
Paul Reznikoff, New York 
N. Rosenthal, New York 
S. O. Schwartz, Chicago 
Tom Spies, Birmingham 
Maurice Strauss, Boston 
C. C. Sturgis, Ann Arbor 
Laskey Taylor, Boston 
C. J. Watson, Minneapolis 
Bruce Wiseman, Columbus, Ohio 
Ernest Witebsky, Buffalo 


Because of the greatly increased interest in the blood groups and related 
matters, the addition to Blood of a new section dealing with problems in im- 
munohematology and transfusions is contemplated; we would appreciate re- 
ceiving the comments of interested readers regarding this proposed innovation. 


BOOK REVIEW 


Human Gtr.tttcs. By Reginald R. Gates. The Macmillan Company, New York. 2. vols. Pp. 1518, 1946. 

$15.00 

This book in two volumes is a review and compilation of accumulated knowledge in the field of 
human genetics. As such ic is valuable both for its presentation of known genetic traits and also as a 
convenient starting point for further research. The unusually extensive list of references and the detailed 
index make this book eminently usable. The material is presented from the broad view of the biologist 
and introduces corollary evidence from other fields. In general, attention has been focused on the trans- 
mission of markedly abnormal conditions. Gates points out that standard genetic symbols (chap. 1) 
and methods of presentation should more generally be adopted for human heredity studies. 

Three chapters will be of special interest to hematologists. The chapter on "Hemophilia and Related 
Hereditary Conditions" necessitates a fundamental revision of current views, as it shows (1) that heter- 
ozygous females (not very infrequently) arc partial bleeders; (2.) that hemophilia, while generally sex- 
linked, is (like other abnormalities) dominant in occasional families and probably recessive in rare 
rases Sex linkage should therefore not be regarded as an essential diagnostic feature of hemophilia, 
although this is its usual method of inheritance. Several other types of bleeders arc now knosvn, including 
a dominant sex-linked form in which females arc severely affected, as well as dominant pedigrees of 
cpistaxis (nosebleeds), telangiectasis, and capillary fragility. 

A table is presented which classifies fifteen inherited hemorrhagic conditions. A discussion of these 
diseases follows, with citation of original papers. 

Ike second chapter of special interest is entitled "Other Inherited Diseases and Abnormalities of the 
Blood System." With regard to clliptocytosis (ovalocytosis), it is pointed out that "elliptical red blood 
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cells in man may be regarded as a reversion Or rather the persistence of an embryonic condirin,- I 
to a single gene. Sicklemia, stated as fundamentally an abnormality of erythropoiesis, is inh-rit-J an 
Mendclian dominant. Thalassemia” is repotted as caused by agene which is a -partial doming sab 
lethal in the homozygous (major) condition." The following conditions and their heredity att ain 
discussed in this chapter: acholuric jaundice, eosinophilia, Pelger’s nuclear anomaly of the leukocytes 
pernicious anemia, hypochromic aacmU, methemoglobinemia, Felty's syndrome, high blond press-are' 
arteriosclerosis, hypotension, Hodgkin’s disease, myelogenic osteopathy, varicose veins, thromboaoeiitii 
obliterans. 6 


The third chapter of special interest deals with the blood groups and presents the inheritance of th : 
ABO blood types as svell as their possible origin and distribution. The inheritance of the scar rot factor 
the MN factor and Rh factors, is given in considerable derail. 

Conclusions reached by workers in human genetics present puzzling differences when compared with 
experience in other animal material and plants. For example, in human genetics the former shirply 
drawn distinction between dominant and recessive is said to break down completely, and a sliding vale 
from stricc dominance to recessive characters showing incomplete penetrance (many normal overlaps) 
occurs. Another odd feature is “anticipation"; this refers to the progressively catlict appearance o ( an 
inherited condition in successive generations. Also, numerous cases arc known in human genetics in 
which the same abnormality of character is inherited in two or three different ways in different pedigrees, 
dominant, recessive, and recessive sex-linked facing the usual types. The reviewer believes that increasing 
knowledge will obviate what seem to be conflicts between human and other animal genetics. 

The dissatisfactions engendered by this book can be ascribed not so much to the presentation as is 
our present state of knowledge. 

The field of human genetics is nosv in what might be called the encyclopedic state (a period cooectorJ 
largely with the recognition aad cataloguing of inherited characters). Progress now depends on the 
recognition of heritable characters which can be easily classified, ate simply inherited, and ate widely 
dispersed through the general population. A larger scries of such genes such as ABO blood types id 
PTC tasters which could be used as markers for more of the 14 pairs of human chromosomes would {it: 
human genetics a tool it sadly lacks. The doctor who neglects heredity loses much material which « 
enable him to interpret his patient’s disease in relation to the family history. Increasing baowledt: 
human heredity foreshadows the time when pan of every research group and hospital staff wil -spe- 
cially trained in this field. 
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35 com P hc;Ued by severe hepatic disease, it appeared to us that if their hvmth 
esis were correct, the refractoriness to parenteral liver therapy displaced bvcenhn 
other types of megaloblastic anemia might also result from hepatic dvsfunnion 
amenable to chohne therapy. It also seemed possible, in view of the effect of cho- 
line on intestinal absorption (Frazer-), that choline might exert a favorable influ- 
ence on megaloblastic anemias associated with defective intestinal function. 

Methods 

The clinical material studied by us consisted of 10 cases of macrocytic anemia, in 
all of which erythropoiesis, as revealed by sternal puncture, was megaloblastic. 
The cases are considered to be representative office types of megaloblastic anemia, 
namely : (i) Addisonian pernicious anemia, (z) megaloblastic anemia of pregnancy, 
(3) megaloblastic anemia of the sprue syndrome, (4) nutritional megaloblastic 
anemia, and (5) refractor)- megaloblastic anemia of uncerrain etiology. 

The choline chloride employed was a commercial preparation (British Dntg 
Houses)and teas administered either orally dissolved in water or intravenously dis- 
solved without previous heating in sterile normal saline. The daily dosage varied 
from 3 to xo grams when given orally and from 1 to 10 grams when given intrave- 
nously. No side effects accompanied the oral medication. Unpleasant reactions 
were, however, apt to result from the intravenous administration of choline. When 
the dose was limited to t gram given slowly in a 5 percent solution, these reactions 
were minimal, but they constituted a major objection to the giving of large doses. 
Doses of 5 or 10 grams were given in a 1 per cent slow drip infusion over periods 
exceeding three hours but were usually accompanied by unpleasant manifestations 
such as tachycardia, nausea, vomiting, sweating, abdominal discomfort, and de- 
pression. No significant reduction in blood pressure was noted, however. On ac- 
count of these effects it was not feasible to continue high dosage intravenous 

therapy for more than three or four days. . 

The liver extracts were from batches known to be potent in cases of Addisonian 
pernicious anemia. The proteolyzed liver was the commercial preparation, he- 
pamino," given by mouth in divided doses, totaling approximately • J6 grams 
daily. The oral liver extract was Armour's or Evan’s preparation given 10 oscs 0 

4> The food , during the periods of observation, consisted of ordinary hospual diets 
containing relatively small quantities of first-class protein and no wtami 

rl The n hematological technic calls for no special descnpmnoite rema^ 
that the hemogl obi nometers were standardized so that F dure w3S as 

to 14.S grams of hemoglobin per 100 cc. The stern P -rformed by the 

described by Davis, Davidson, and Innes. 3 The liver biopsies were pert 

needle method (Sherlock*)- 

Case Histories 
A. .wmsasiAS ™ ^ 

Mrs. C„ aged 7 ^. C0 ^ ^ 


Can 1. 


toms attributable to anemia ts 


was admitted to the hospital on . s 

,-hich had become progressively disabling denar 
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The earlier medical history is not significant. She was a well-nourished woman displaying marked 
pallor and a slight degree of jaundice. The tongue was pale and slightly arrophied. No enlargement 
of the liver, spleen or lymph glands was detected and no signs of neurological complications were 
evident. 

Laboratory findings: R.B.C., 1.48 M.; hemoglobin, 40 per cent; color index, 1.3; M.C.V., 117 cu. 
microns; reticulocytes less than 1 per cent; W.B.C., z,8oo per cu. mm. Stained blood film: typical macro- 
cytic picture with poikilocytosis and anisocytosis. Sternal marrow megaloblastic erythropoiesis, hyper- 
cellular with no excessive fat. Gastric analysis: histamine-fast achlorhydria. Liver biopsy: no obvious 
histological abnormality, glycogen content of cells was normal and there were no gross fatty changes. 
Urine: urobilinogen was present. 

Treatment and progress: Choline chloride in daily doses of 10 grams was given intravenously for three 
days but had to be discontinued on account of severe side effects. During the following eight days choline 


RET. Hb. RSC. 



Tio. I. A case of Addisonian pernicious anemia. Choline given by mouth and intravenously was 
without significant erythropoietic effect. The case responded satisfactorily to parenteral liver therapy. 
(In this and the succeeding figures, "S.P." denotes sternal puncture, and "L.P.," liver puncture.) 

was given orally in divided doses aggregating jo grams daily. On the fourth day after commencing 
choline therapy the reticulocyte count rose to a maximum of z. 5 per cent, but was not accompanied by 
any rtsc in the red cell count which, on the contrary, fell to under 1 million on the thirteenth day. This 
fall was accompanied bv a deterioration in the patient's general condition requiring a blood transfusion. 

The patient was subsequently given refined liver extract ("neo-hepatex”) parenterally, to which she 
responded satisfactorily, as shown in figure 1, with subsequent maintenance of a normal blood picture. 


Cjii Miss D., aged 45, was diagnosed as a case of Addisonian pernicious anemia in 1944 and treated 
with parenteral liver therapy to which she responded satisfactorily. Later, however, she failed to con- 
tinue treatment and was admitted to the hospital on February 19, 1946, in a severely anemic state. No 
noteworthy clinical findings were present other than those of severe anemia and a very- slight degree of 
icterus. No enlargement of the liver, spleen, or lymph glands was detected and no signs of neurological 
tmohement were present. b 

Laboratory findings: rv.B.C., 0.7 M.; hemoglobin, 10 per cent; color index, 1.4; M C V 14a C u 
microns; reticulocytes. less than , percent; W.B.C.. z,Soo fercu. mm. Blood film: macrocytosis’, poikilo 
esuvis, md marked amsocyiosis. Sternal marrow: megaloblastic, hvpcrccllular, no excess of fat 
form-J h "” niin; - f3?t achlorhydria. Urine: urobilinogen present. Liver biopsy was not perl 
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Treatment and progress: Intramuscular injections of a refined liver extract (“anahacmin"), totaling 
n cc. in twelve days, resulted in a suboptimal reticulocyte response but in a sustained rise in the red cell 
count (fig. a), until a level of 3,100,000 red cells was reached. Thereafter the red cells remained stationary 
for seven days and then fell to ay M. Choline was then given intravenously in a daily dose of 1 gram for 
eleven days and was accompanied by a rise in the red cell count to 4.05 M. (fig. i). 

The patient has since been maintained satisfactorily with parenteral liver therapy. 

Can 3. Mrs. M. S., aged 65, first developed anemia at the age of 59 and was given injections of liver 
extract with symptomatic improvement. Since this treatment was not maintained regularly, she was 
never completely free from symptoms and suffered constantly from a feeling of weakness and from unde: 
dyspnea on effort. During the month prior to admission these symptoms became more severe. 
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although no significant reticulocyte response was observed. The regeneration of red cells was not main- 
tained, however, despite the continuation of oral choline therapy, and eventually, after withdrawal of 
choline, the red cells fell to 1.9 M. Parenteral liver therapy was then resumed with a consequent reticulo- 
cyte response of 7 per cent and a rise in the red cell count which eventually attained a normal level. 

COMMENT ON CASES I, 2., AND 3 

In case 1, an example of untreated Addisonian pernicious anemia, choline was 
without significant effect. It will be noted that the substance was given in daily 
doses of 10 grams intravenously for three days and orally for seven more days. 
Subsequent parenteral liver therapy resulted in satisfactory red cell regeneration, 
although the reticulocyte response was suboptimal. 



Pin. 3. A case of Addisonian pernicious anemia. An injection of liver extract resulted in an erythro- 
poietic response. The subsequent administration of choline was followed by a secondary rise in the red 
cells which, however, was not maintained. 


In cases % and 3, treatment was initiated by injections of liver extract which 
resulted in regeneration of red cells although the reticulocyte responses were sub- 
optimal. When the hematopoietic effect of the liver extracts was apparently ex- 
hausted and the red cell count was falling, the administration of intravenous 
choline in both cases resulted in a further rise in the red cell count. Although no 
reticulocyte response to choline was observed in either case, it is reasonable to 
assume that the red cell response is attributable to the administration of choline.* 

• Since submitting this paper for publication, we have observed the effect of choline chloride in 3 
further cases of classical Addisonian pernicious anemia. In each case the choline was given subsequent to 
an initial hemopoietic response to a single injection of liver extract, after the red cell count had commenced 
to fall. The dosage was 1 gram daily for a period of five to seven days; the route svas intravenous. 

One case showed no significant response, but in the other a casts the administration of choline was 
followed by secondary but temporary rises in the red cell counts and hemoglobin levels similar to that 
described in cases 1 and 3 in the text. The magnitude of these secondary rises was from a. 6 M. to a. 53 
M. in the one case and from a.fp M. to 3.51 M. in the other. 
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It is noteworthy that in case 3 choline by mouth was not effective in maintaining 
a continued rise in the red cells. 

B. MEGALOBLASTIC ANEMIA OP PREGNANCY 

Cast 4. Mrs. D. D., aged 36, developed a severe anemia during the later stages of pregnancy. She 
received injections of liver extracc without effect and blood transfusions before and after a premature 
delivery. During che three months immediately following her delivery numerous injections of liver 
extracts (anahaemin) resulted in no improvement in her anemia. At this time, April 15, 1936, she came 
under our care. She was a pale, somewhat poorly developed woman but not ill nourished. Apart (torn mani- 
festations of anemia, no noteworthy clinical findings were present. There was no evidence of jaundice. 
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Physical examination revealed no significant features other than those of anemia. Jaundice was not 
present and enlargement of liver, spleen or lymph glands was not demonstrated. 

Laboratory findings: R.B.C., 1.56 M.; hemoglobin, 36 per cent; color index, 1.16; M.C.V., 105 cu. 
microns; reticulocytes, 4.5 per cent; W.B.C., 4,000 percu. mm.; blood film, macrocytic. Sternal marrow: 
The films prepared on the occasion already mentioned were subsequently seen by us and showed megalo- 
blastic erythropoiesis. Gastric analysis: free hydrochloric acid in resting juice. 

Treatment and progress: A further injection of liver extract ("perhepar, ’ 4 cc -) was followed by a 
delayed and suboptimal reticulocyte response, but the red cells showed a sustained rise, attaining a level 
of 3 .x M. by the twenty-fifth day*, and then remained stationary- at this level in the absence of further 
treatment for seventeen days. Choline chloride was then given intravenously in daily- doses of 1 gram for 
t cn days. A reticulocyte response of 3.5 per cent followed and a further rise in the red cell count occurred. 



Fio. 5. A case of megaloblastic anemia of pregnancy- and the puerperium. An injection of liver ex- 
tract resulted in an erythropoietic response. Intravenous choline was followed by a slight reticulocyte 
response and a secondary rise in the red cell count. 


reaching a level of 4.1 M, a month after commencing choline therapy (figure 5). No subsequent treatment 
was given and eventually the blood picture reached and remained at normality. 

COMMENT ON CASES 4 AND 5 

Both these cases arc clearly examples of megaloblastic anemia of pregnancy, as 
described by Davidson, Davis and Innes. 5 Case 4 was refractory to intensive paren- 
teral liver therapy but subsequently responded to oral liver preparations. Choline, 
in the dosage employed, appeared to be completely lacking in effect in spite of 
numerous recent injections of liver extract. It would therefore seem in this case that 
the lacking erythropoietic factor, which parenteral liver therapy was unable to 
supply, was not choline or any agent which could be made available by choline. 

Case 4 was an example of a common type of megaloblastic anemia of pregnancy 
which responds to parenteral liver therapy in the puerperium. As is well known, 
such cases frequently undergo spontaneous remission during the months following 
birth of the child. Wc therefore arc of the opinion that it would be exceedingly 
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rash to conclude that the choline given in this case was necessarily responsible for 
the subsequently slow rise in the red cell count. The slight reticulocyte count, how- 
ever, does appear to be suggestive that the choline may have exerted some erythro- 
poietic effect. It should be noted that this apparent response to choline followed an 
earlier response to liver extracts. 

C. MEGALOBLASTIC ANEMIA ASSOCIATED WITH THE SPRUE SYNDROME 

Cast 6. Miss S., aged 16, had suffered from celiac disease since infancy and came under our care in 
April 1946. She was an underdeveloped and poorly nourished girl, very small for her age. Many of the 
features of idiopathic steatorrhea were present, including osteoporosis, papillary atrophy of the tongue, 
slight dubbing of the fingers and the constant passage of bulky pale stools containing excess fat. Themuil 
signs of anemia were present. There was no evidence of jaundice or of enlargement of the liver, spleen, 
or lymph glands. 
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regularly, however, for seven years, when in spite of increased dosage her general condition deteriorated 
and the passage of loose pale stools was first noted. She was then investigated more fully in an outpatient 
clinic, when the diagnosis was established of idiopathic steatorrhea and of associated macrocytic anemia. 
At this time (November 1945) the salient laboratory findings were as follows: R.B.C., 1.33 M.; hemo* 
globin, 55 per cent; color index, 1.18; M.C.V., 107 cu. microns; M.C.H.C., 32. per cent; W.B.C., 8,900 
per cu. mm.; plasma bilirubin, 0.5 mg. per cent; gastric analysis: free hydrochloric acid in fasting juice; 
fecal fat: 38 per cent of dried weight; glucose tolerance curve: flat; x-ray: skeletal osteoporosis. 

The patient was subsequently kept under observation and on March zi, 1946, she developed a severe 
relapse necessitating her admission to hospital. Clinical examination revealed a short (5 feet) but rela- 
tively well nourished woman with no evident pathological signs other than those of severe anemia. 

Laboratory findings: R.B.C., i.z M.; hemoglobin, 14 per cent; color index, 1.0; M.C.V., 101 cu. 
microns; M.C.H.C., z6 per cent; reticulocytes, less than 1 per cent; W.B.C., 5,000 per cu. mm.; sternal 
marrow, megaloblastic, hypcrcellular with no excess of fat. 



Fio. 7. A case of megaloblastic anemia associated with the sprue syndrome. No response occurred 
to an injection of liver extract followed by oral choline, but the administration of oral liver excract 
resulted in the restoration of a normal blood picture. 

Treatment and progress: In view of her condition, she received a blood transfusion of 500 cc. of whole 
blood followed by 500 cc. of packed cells, which raised the red cell count to 1.7 M. Six days later an 
infection of liver extract (anahacmin, 4 cc.) was administered, but the red cell count fell to 1.54 M. in 
ten days. At this point choline chloride was given by mouth in daily doses of 10 grams, the oral route 
being chosen on account of the poor state of the patient's veins. Since no reticulocyte response occurred 
and the red cell count continued to fall, the choline was discontinued after six days and a further blood 
transfusion was given. Oral liver extract was then administered and, as seen in figure 7, resulted in a 
significant reticulocyte response and a progressive rise in the red cells to a level of 4.51 M., which has 
since been maintained for over a year, the patient continuing to take oral liver extract. 

COMMENT ON CASES 6 AND 7 

Although the investigation of these cases was nor so complete as we would have 
desned, particularly in respect to fat absorption studies, there seems little reason 
to oubt that the megaloblastic anemia present was associated with an underlying 
defect in intestinal absorption. It is evident that in neither case could any erythro- 
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poietic effect be attributed to choline. It is unfortunate rhar in K k 
ime was given only by the oral route because for reason to bed ' he ch(h 

probable that choline is less effective when “'f 

given intravenously. * s route th:ln "'hen 

It should be noted that in both cases the administration of choline was n recci)f , 
by injections of liver extract, which were ineffective, and succeeded by ora) Ifor 
therapy which was surprisingly efficacious hematopoietically. ' 
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Fig. S. A case of nucricional megaloblastic anemia which showed no significant response ton 
injection of liver extract or to choline given both intravenously and by mouth. The subsequent oral 
administration of folic acid resulted in a satisfactory erythropoietic response. 

D. NUTRITIONAL MEGALOBLASTIC ANEMIA 

Case 8 . Mrs. A., aged 34, developed symptoms of anemia at the age of i8 and was subsequently 
treated intermittently with injections of liver extract. She came under our care on August 9, ijff h“ 
significant that she gave a history of an inadequate diet for some years, especially in respect of meat r 
vegetables. Clinical examination revealed, in addition to the usual manifestations of anemia, a dr) brovn 
pigmentation of the skin over the neck and backs of the hands. The tongue shoived a slight d.grc. 
pa pillar)’ atrophy and glazing of the tip. Her general nutritional stare was poor. No jaundice was c' 1 
nor was there enlargement of the liver, spleen, or lymph glands. ^ 

Laboratory findings: R.B.C., 1.48 M.; hemoglobin, 44 per cent; color index, 1.5; reticulocytes, - > ■ 
chan 1 per cent; W.B.C., 5,40° P« <*■ Sternal mrrow: megaloblastic hypcrce lulat ) 
Gastric analysis: free hydrochloric acid after injection of histamine. Liver sopsy- s ig . vCa 

cellular glycogen and a slight increase in hemosiderin in both the littoral an ncr cc 

abnormalities. Urine: no abnormalities. v followed bra mido- 

Treatment and progress: An injection of liver extracr (anahaemm, 4 cc.) choline chlorii: 

cyte response of 6 per cent on the fifth day, but no significant r,sc ,n ^ the , ejection of 

was administered over a period of ten days commencing on the thirt ” 
liver extract. As shown in figure 8, the choline was given imravenousl) iff 
but on account of severe side reactions this wasreduced to 1 gramforr 

which time it was supplemented by 10 grams daily by moud, A nc ^ ' ivcn with ,b £ <*•» 
haemin, 4 cc.) was given on the sixth day after commenc.ng cholme. g 
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of providing an adequacy of the active principle in liver extract, and of thus testing the possibility that 
liver extract and choline might be active when given together, although inert when given separately. 
No such effect was noted, however, apart from a reticulocyte response of only a per cent, clearly of 
very doubtful significance, and the red cell count continued to fall. Three days after stopping the 
choline therapy, synthetic folic acid was given in daily doses of ao mg. by mouth, which resulted in a 
reticulocyte response of 33 per cent on the eighth day and a brisk rise in the red cell count. A second 
sternal puncture now showed normoblastic erythropoiesis. 

Continuation with folic acid therapy eventually resulted in the red cells rising to 4.75 M. This level 
has subsequently been maintained without further treatment. 

COMMENT ON CASE 8 

In view of the history and the clinical and laboratory findings, this case is re- 
garded as an example of nutritional megaloblastic anemia refractory to treatment 
with refined liver extracts administered parenterally. It seems evident that choline 
chloride, in the doses employed, was without effect. It should be noted that al- 
though liver biopsy was performed in this patient, there was no evidence of gross 
fatty changes, nor were such changes seen in the sternal marrow films. The response 
to folic acid is of interest. It will be seen that the initial response was optimal, but 
the subsequent rise in the red cell count became retarded. Similar results with folic 
acid in the treatment of refractory megaloblastic anemias have been noted by 
Davidson and Girdwood. 7 In our case, however, it will be seen (fig. 8) that increas- 
ing the dose of folic acid was followed by further red cell regeneration. 

E. REFRACTORY MEGALOBLASTIC ANEMIA OF UNCERTAIN ORIGIN 

Case 9. Mrs. A. B., aged 51. A diagnosis of pernicious anemia had been made four years previously 
and injections of liver extract had apparently been successful for a time, but failure to continue treatment 
resulted in relapse. During the autumn of 1345, the patient was given numerous injections of liver extract 
by her doctor without improvement. She came under our care on January 2.3, 1946, in a state of moder- 
ately severe relapse despite numerous injections of liver extract given during the preceding weeks. The 
patient was an obese woman displaying the usual manifestations of anemia. No signs of jaundice were 
present and no enlargement was detected of the liver, spleen, or lymph glands. Signs of neurological 
disease were absent. 

Laboratory findings: R.B.C., 1.88 M.; hcmoblogin, 52. per cent; color index, 1.38; reticulocytes, less 
than 1 per cent; W.B.C., 3,400 per cu. mm. Sternal marrow: megaloblastic, hypercellular, no excess fat. 
Gastric analysis: histamine-fast achlorhydria. Urine: trace of urobilinogen. 

Treatment and progress: An injection of liver extract (anahacmin, 4 cc.) was given but no reticulocyte 
response occurred within six days and the red cell count continued to fall. The oral administration of 
choline was then commenced and continued for three weeks, the dose being 3 grams daily. The following 
day the reticulocyte count was 4 per cent and rose to a maximum of il per cent on the ninth day after 
commencing choline and the fifteenth day after the injection of liver extract. It will be seen in figure 9 
that the reticulocytes did nor immediately return to a low level but continued at about 5 per cent during, 
and for a short time after, the first period of choline therapy. It will also be seen that the red cell count 
slowly rose during this period to a maximum of 2.. 39 M. A second sternal puncture performed at about 
this time, however, still showed frankly megaloblastic erythropoiesis. On the forty-second day after the 
first injection of liver extract and after the reticulocyte count had again fallen to less than 1 per cent, 
another injection of liver extract was given (anahaemin 2. cc.) and was followed by prompt reticulocyte 
response of 5 per cent but no rise in red cells. Thirteen days later, when the reticulocytes had again 
fallen to less than 1 per cent, the injection of liver extract was repeated (anahaemin, 2. cc.) and oral 
choline therapy recommenced in the same dosage as before. A similar reticulocyte response occurred, 
but again without a significant red cell increase. After two weeks of oral therapy the choline was given 
intravenously m daily doses of I gram and continued for ten days. This was accompanied by a reticulocyte 
response of 1 1 per cent and a significant rise in the red cell count which eventually reached 3.8 M. without 
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further treatment. A further course of oral choline, the dose now being 10 grams daily, was without 
effect on the reticulocytes. The red cells continued to rise to 4.15 M. but subsequently fell during the last 
period of therapy. Proteolyzed liver (3 6 grams daily by mouth) was then given and resulted in the even- 
tual restoration of the red cell count to 5 M. The patient's general and hematological condition has since 
remained satisfactory on maintenance therapy with proteolysed liver. 

Case 10. Mrs. S. B., aged 52., had been healthy until September 1946, when she developed symptoms 
of anemia. Following a diagnosis of pernicious anemia she received a course of injections of liver extract 
to which she failed to respond. She was then seen by one of us on December 8, 1946. The usual symptoms 
and signs of anemia were present and a mild degree of jaundice was noted, but there was no demonstrable 
enlargement of the liver, spleen, or lymph glands, or other significant pathological features. 



P F10 10. A case of megaloblastic anemia of uncertain etiology refractory to numerous injections of 
liver extract. The intravenous injection of choline over a period of only three days was followed by a 
significant response. The patient subsequently responded to parenteral liver therapy. 

Laboratory findings: R.B.C., 1.4 M.; hemoglobin, 31 per cent; color index, 1.1; reticulocytes, less 
than 1 per cent; white cells, 4,000 per cu. mm. Sternal marrow: megaloblastic, hypercellular, no excess 
fat. Gastric analysis: histamine-fast achlorhydria. 

Treatment and progress: The patient had already received frequent injections of liver extract totaling 
at least z6 cc. during the previous three weeks (sec fig. 10). This had resulted in no improvement in her 
red cell count; reticulocyte counts, however, had not been recorded throughout the whole of this period. 
Choline was given intravenously in daily doses of 1 gram for three days and was followed by a reticulo- 
cyte response of 9 per cent on the fifth day, and a rise in the red cell count from 1.3 M. to 3.4 M. on the 
seventeenth day. The patient was subsequently treated with injections of liver extract (anahaemin) with 
consequent restoration and maintenance of a normal blood picture. 

COMMENT ON CASES 9 AND IO 

The etiological status of case 9 is obscure. A diagnosis of Addisonian pernicious 
anemia would be justified were it not for the inadequate response to parenteral liver 
therapy. This case corresponds to a type of idiopathic refractory megaloblastic 
anemia previously described by Davidson, Davis, and Innes, 3 and Davis and David- 
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^”? n , d , in m f n - y K f CCtS “ is simikr *« of Moosnick, Schleicher, and Per- 
son, although jaundice and gross disturbances of fat metabolism were features of 
their case. No liver biopsies were performed in our case, but the sternal marrow 
smears provided no evidence of gross fatty changes as illustrated by these authors. 
It is unfortunate that the first period of oral choline therapy was commenced so 
soon after the injection of liver extract, since it is impossible to exclude the effect 
of the latter in producing the subsequent reticulocyte response. In view, however, 
of the absence of any reticulocyte response within seven days of the injection of 
liver extract, it would seem that the choline probably played at least some part in 
the production of the reticulocyte and red cell response. It must be remembered, 
furthermore, that numerous injections of liver extract had been given during sev- 
eral weeks immediately preceding the patient's admission to hospital. During the 
next phase of the experiment two injections of liver extract were given, the second 
of which was followed by a further course of oral choline. The response to catb of 
these was identical, namely, a slight reticulocyte response but no increase in the ted 
cells. The subsequent period of intravenous choline therapy, without further liver 
extract was, however, followed by another and greater reticulocyte response and a 
significant rise in the red cell count. It may be concluded therefore from this case 
that the choline chloride administered intravenously exerted a significant erythro- 
poietic effect, and that choline by mouth probably produced some effect. 

In case io rhe response to choline seems unequivocal. It will be noted that this 
patient proved refractory to numerous injections of liver extract given shortly 
before the administration of choline. In view of the patient’s subsequent response 
to further injections of liver extract, it would appear that the earlier refractoriness 
to parenteral liver extract was a temporary phase. Whether choline played a part in 
overcoming this refractory phase is, of course, conjectural. We fed that it is par- 
ticularly unfortunate in this case that no liver biopsy was done before the institu- 
tion of choline therapy. It is perhaps significant, however, that the sternal marrow 
material showed no evidence of the fatty changes reported by Moosnick et aid 

Discussion 

ANALYSIS OF RESULTS 
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sonian pernicious anemia and one of megaloblastic anemia of pregnancy respec- 
tively. It will be recalled that these cases all responded to one or more injections 
of liver extract and that the administration of choline after the erythrocyte count 
had ceased to rise, or had actually begun to fall, was followed by a secondary rise 
in the red cells. Admittedly, a reticulocyte response to choline was noted only in 
case 5, and in this case the need for caution in its assessment has already been 
stressed. Nevertheless, in view of the uniform pattern of the erythrocyte response 
displayed by each of these cases, we believe that it is justifiable to attribute the 
effect of choline. 

3. The effect of choline in megaloblastic anemias refractory to parenteral liver 
therapy is variable and appears to depend upon the type of case and its underlying 
etiology. Cases falling under this heading which are included in this study may be 
divided into two broad groups according to their erythropoietic response to 
choline. 

The first group, consisting of 4 cases all of which showed no response to choline 
despite intensive parenteral liver therapy immediately preceding its administration, 
comprise examples of well recognized conditions, namely, anemias associated with 
pregnancy (case 4), with the sprue syndrome (cases 6 and 7), and with nutritional 
deficiency (case 8). It is now generally recognised that a considerable proportion 
of such anemias may show varying degrees of refractoriness to parenteral liver 
therapy while responding promptly to the administration of liver products by 
mouth, (Davis and Davidson, 6 Davis, 9 Fullerton, 10 Watson and Castle 11 ). Possible 
explanations for this phenomenon have been discussed by Davis and Davidson 6 and 
Watson and Castle, 11 although recent work on folic acid may lead to a reorientation 
of the problem (see Davis 12 ). Whatever may be the explanation for the efficacy of 
oral liver therapy in such cases, our present studies provide evidence that the lack 
of response to refined liver extracts administered parenterally cannot be corrected 
by choline In this connection it is significant that the choline content of proteo- 
lyzed liver is approximately 36 mg. per ico grams (Riding 13 ) which would amount 
to a daily dosage of only 12. mg. in the dose of proteolyzed liver usually employed. 
It should be noted that in our two examples of megaloblastic anemia associated 
with defective intestinal absorption (cases 6 and 7) the choline was given only by 
the oral route although in large doses. Since it is probable that this method of ad- 
ministration is less effective than the intravenous route, it may be objected that the 
negative response of these two cases is inconclusive. On the other hand, if choline 
were capable of exerting an erythropoietic effect in such cases by promoting intes- 
tinal absorption (Frazer 2 ) it would seem probable that the oral route would be 
effective. 

The second group consists of the two cases, 9 and 10, classified as refractory 
megaloblastic anemia of unknown origin. Both these cases would have been re- 
garded as classical examples of Addisonian pernicious anemia had it not been for 
their ineffectual response to potent parenteral liver extracts. Case 9, in fact, had 
previously responded to such treatment but subsequently became refractory. In both 
cases choline, given a short interval after intensive parenteral liver therapy, was 
followed by a significant erythropoietic response, and in case 10 the patient subse- 
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qucntly became amenable ro injections of Jiver extracts. It seems probable ther- 
ore, that in these two cases the nature of the refractoriness to 
therapy may differ fundamentally from that of the first group discussed above It is 

tf Se C2SCS reSembIe in maa ? res P ects the case described by 
oosmek et al., although xn their case jaundice and severe hepatitis were present. 


THE MODE OF ACTION OF CHOLINE 


Moosnick et al . 3 suggest that the refractoriness of their patient to parenteral liver 
therapy was due to an underlying choline deficiency which resulted in severe he- 
patic disease and disordered fat merabolism, thus rendering the liver incapable of 
utilizing or of elaborating the active principle supplied by the liver extracts. Al- 
though it is well known that the liver is concerned with the storage of the antiane- 
mic principle and occasional cases of megaloblastic anemia have been attributed to 
hepatic disease, so far as we are aware there is no conclusive evidence that the 
therapeutic activity of liver extracts in pernicious anemia is dependent upon he- 
patic function. In this connection, perhaps it is not irrelevant to refer to recent 
work on folic acid, which, if confirmed, may provide an attractive, but at present 
entirely speculative, theory of the role of the Jiver in erythropoiesis. 

The experiments of Welch et al. H suggest that the essential defect in pernicious 
anemia is an inability on the part of the organism to liberate free folic acid from 
inactive conjugates assimilated from the food, and that the hematopoietic activity 
of liver extracts is concerned with the restoration of this function. Although the 
site of this action suggested for the active principle of liver extracts is unknown, 
the possibility that it may be in the liver merits consideration. For if this were 
confirmed it would provide support for the view that the lack of response to paren- 
teral liver extracts displayed by certain types of megaloblastic anemias is due to 
hepatic dysfunction. Moreover, the action of choline in overcoming the refractori- 
ness of such cases would be comprehensible in view of the recognized influence of 


this substance upon the metabolism of liver cells. 

The satisfactory response of cases of this type to oral liver therapy may possibly 
be explained by the assumption that the oral route results in the liberation office 
folic acid from conjugates within the alimentary tract from which it is absor 
and utilized by the bone marrow independently of hepatic function. It must - 
noted, however, that Doan 35 refers to a case of megaloblastic anemia compiler 
by hepatic cirrhosis which was refractory to folic acid. 

The apparent "boosting" effect of choline in those cases in which a r «P 
liver extracts has already occurred may conceivably be due ro the action o 
in stimulating relatively healthy liver cells to further activity M ,mthj - 
ence of a residuum of the active principle, enhances th ^ pr ° duC f fraCtoriD „ 5 to 

Acceptance of this theory of hepatic dysfunction as the : cause f ^ ^ ^ 

parenteral liver does not, in our view, necessarily imply th thec ho- 

by an inadequate intake of choline. In The 

line requirements of the liver may well rise consid^bly ^ ^ 

therapeutic effect of the administration of 
assumption that nutritional deficiency is necessarily concerne 
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Although plausible, this theory of hepatic dysfunction as a cause of refractory 
megaloblastic anemia is obviously based upon very slender evidence, and the objec- 
tions to it are manifest. It is well known that the functional reserve of the liver is 
considerable and that adequate function is compatible with extensive pathological 
changes. In none of our cases were there manifestations of hepatic dysfunction other 
than slight icterus and urobilinogenuria, although it must be admitted that liver 
biopsies and comprehensive liver function tests were not performed in cases 9 and 
10. Moreover, many cases of pernicious anemia show marked jaundice, and pre- 
sumably in long-standing untreated cases fatty and other changes are frequently 
present in the liver, yet lack of response to parenteral liver therapy is exceedingly 
rare. 

Apart from its influence upon the liver, other effects of choline must be con- 
sidered in seeking an explanation of its erythropoietic activity. Thus, it is possible 
that this is due to the influence of choline upon the metabolic activities of other 
tissues such as the bone marrow. Alternatively, the erythropoietic action of cho- 
line may result not from its lipotropic or other influence upon metabolism but 
simply from its vasodilator effect. Although choline has been shown to depress 
erythropoiesis in normal animals (Davis 8 ), it is conceivable that it may exert a 
reverse effect under the abnormal conditions obtaining in megaloblastic anemias. 

A point already referred to, but one deserving further emphasis, is that the 
demonstration of an erythropoietic response to choline does not necessarily imply 
that the patient was suffering from a nutritional choline deficiency. The established 
pharmacological effects of choline and related substances are almost certainly the 
result of its action, in relatively high concentration, upon susceptible cells and not 
due to the restoration of a normal physiological level. This question is of some 
practical importance, because if the response to choline is due to the correction of a 
deficiency, it follows that refractoriness to parenteral liver may be due to faulty 
nutrition . This seems improbable, however , since our patients in whom choline was 
effective (2., 3, 5, 9, and 10) presented no unusual subjective or objective evidence 
of nutritional deficiency, while the patients who were believed to be in an unsatis- 
factory nutritional state (4, 6, 7, and 8) showed no response to choline. Although 
this reasoning is not conclusive, it does suggest that if choline deficiency plays a 
significant part in the etiology of the type of case under discussion, it is probably 
conditioned by an intrinsic defect, rather than the result of inadequate intake. 

DOSAGE AND ROUTE OF ADMINISTRATION OF CHOLINE 

Our data are too scanty to justify dogmatism regarding the optimal dosage and 
method of administration of choline chloride. Nevertheless, consideration of case 
9 suggests that while choline given by mouth is not without some erythropoietic 
effect, it is probably more efficacious when administered intravenously, despite a 
considerable reduction in dosage. The reason for this is difficult to explain, since 
numerous animal experiments have shown that choline by mouth exerts an effective 
lipotropic action. Presumable the intravenous injection, even of relatively small 
doses, results in a higher, although more transient, blood concentration of choline 
than the administration of larger doses by mouth. This perhaps suggests that the 
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} hropoictic effect of choline depends upon a positive action rather than unon the 
ecnfication of a deficiency. On the other hand the possibility must be considered 
interference with absorption of choline from the alimentary tract may he 
responsible for the greater efficacy of its intravenous administration. 

he difficulties of high dosage by the intravenous route have already been dis 
cussed. Daily intravenous injections of i gram of choline chloride, however were 
usually without unpleasant side effects, and since this dosage was effective in sev- 
eral of our cases, as well as in that of Moosniclc et al. 1 it seems probable that, in 
cases likely to respond to choline, this dose may be adequate. The possibility must 
be admitted that a higher dosage may he desirable to ensure the optimal erythro- 
poietic effect, 16 although it should be noted that some of our patients who did not 
respond to choline received it in doses of io grams daily, both orally and intra- 
venously. 


THE CLINICAL VALUE OF CHOLINE AS A HEMATINIC 

Our results do not suggest that choline will be of much practical value in the 
treatment of megaloblastic anemias, because only a small proportion of cases re- 
fractory to parenteral liver therapy are likely to respond to choline. On the other 
hand, there are good reasons for believing that the great majority, if not all, of 
such cases can be treated effectively with oral liver preparations. It is possible, 
however, that choline may be of value in exceptional cases complicated by severe 
hepatic disease, such as that of Moosnick et al., 1 but this point cannot be decided 
until more information is available concerning the effect of oral liver or folic acid 
therapy in this type of case. 

Despite the limited applications of choline in therapeutics, the apparent erythro- 
poietic effect of this substance seems to be of sufficient academic interest to warrant 
further study, which might well be extended to embrace other substances having 
similar pharmacological actions. 


Summary and Conclusions 

i. The effect of the administration of choline chloride has been observed in io 

cases of megaloblastic anemia of various types. . . 

i. Choline was without effect in a case of untreated Addisonian pern 
anemia which subsequently responded to parenteral liver therapy. 

3. Choline was also without effect in a case of nutritional megalo asnc “ ’ 

in a case of megaloblastic anemia of pregnancy, and in two cases o{me f 
anemia associated wich che sprue syndrome. All these case, had pro«J 

to injections of potent liver extract before the choline was given, F 

to subsequent oral liver or folic acid therapy. $ resem- 

4. A significant erythropoietic response to choline occurre ^ ]jw 

bling Addisonian pernicious anemia which were refract y P 

extracts. , . , . _j; nr ; n t wo other cases 

Secondary responses followed the administration .f ^ ancITlia 0 f preg- 
of Addisonian pernicious anemia and m * case 0 gl ex£ract . 

nancy, all of which had already responded to injections 
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5. The significance of these observations is discussed. It is concluded that cho- 
line possesses no direct erythropoietic activity, but that under certain circum- 
stances it may potentiate the effect of liver extracts. 

It is suggested that refractory megaloblastic anemias may be divided into two 
groups. In one, represented by well known syndromes associated with defective 
absorption or pregnancy, the lack of response to parenteral liver extracts is not 
corrected by choline. In the other, represented by two cases simulating Addisonian 
pernicious anemia, choline is effective in overcoming, partially or completely, the 
refractoriness to parenteral liver therapy. Consideration is given to the view that 
the refractoriness of this group results from hepatic dysfunction. 

6. The most satisfactory method of administering choline probably consists of 
intravenous injections in daily doses of x gram. Larger doses given intravenously 
are frequently accompanied by unpleasant side effects, while oral administration 
appears to be relatively less effective. 

7. It seems unlikely that choline will be of practical value in the treatment of 
refractory megaloblastic anemias, for which oral liver preparations provide the 
most certain and effective treatment. It is possible, however, that choline may be 
of use in cases complicated by severe hepatic disease. 

Acknowledgment: We wish to thank Dr. L. D. W. Scott for permission to include his patient (case 
10) in our scries. 


REFERENCES 

1 Moosnick, F. B., Schleicher, E. M., and Peterson, W. E.: Progressive Addisonian pernicious anemia 

successfully treated with intravenous choline. J. Clin. Invest., 24: 2.78, 1945. 

2 Frazer, A. C.: Effect of choline on the intestinal absorption of fat. Nature, 157: 414, 1946. 

3 Davidson, L. S. P., Davis, L. J., and Innes, J.: Studies in refractory anaemia. Edinburgh M. J., ;o: 

xz6, 1943. 

4 Sherlock, S. • Aspiration liver biopsy. Lancet, 2: 397, 1945. 

6 Davidson, L. S. P., Davis, L. J., and Innes J.: Megaloblastic anaemia of pregnancy and the puer- 
perium. Brit. M. J., 2: 31, 1941. 

6 Davis, L. J., and Davidson, L. S. P.: Proteolysed liver in the treatment of refractory anaemias. Quart. 
J. Med., N.S., i}: 53, 1944. 

2 Davidson, L. S. P., and Girdwood, R. H.: Folic acid in the treatment of megaloblastic anaemia. 
Lancet, 2: 373, 1946. 

8 Davis, J. E.: Hyperchromic anemia produced by choline or acetylcholine and the induced remission 
of both by folic acid or liver injection, the probable mechanism of action of liver and folic acid in 
the treatment of anemia. Am. J. Physiol., 147: 404, 1946. 

5 Davis, L. J. : Macrocytic anemia in children.: Arch. Dis. Childhood, 14: 147, 1944. 

12 Fullerton, H. W.: Macrocytic anaemia of pregnancy and the puerperium. Brit. M. J., j .■ 158, 1943. 

11 Watson, J., and Castle, W. B.: Nutritional macrocytic anemia, especially in pregnancy. Am. J. Med. 

Sci., 211: 513, 1946. 

12 Davis, L. J.: Recent trends in the treatment of megaloblastic anaemias. Glasgow M. J., 28: 1, 1947. 

13 Riding, D. : Personal communication, 1946. 

11 Welch, A. D„ Heinle, R. W., Nelson, E. M„ and Nelson, H. V.: Ineffective utilization of 
conjugated pteroyl glutamic (folic) acid in pernicious anaemia. J. Biol. Chem., 264: 787, 1946 

15 Doan, C. A.: Folic acid: an essential panhematopoietic stimulus. Am. J. Med. Sci., 212:2. 57, 1946. 

16 Leading Article: Dosage and effects of choline chloride. Brit. M. J., 2: 573, 1945. 



one 


SUCCESSFDL^AMNT OF UVER-REHUCTORY ANEMIA WITH 
SYNTHETIC LACTOBACILLUS CASEI FACTOR 

By Jan Waldenstrom, M.D. 

^HE TREATMENT of pernicious anemia that is refractory to Jiver has been 
A of the most difficult problems in hematology. In many of these cases the result 
of treatment with liver extracts is excellent for some time and everything seems 
well. Later the patient responds less and less to anrianemic treatment and the final 
outcome is usually fatal. Before discussing the favorable results of treatment with 
folic acid in such conditions, it may seem appropriate to treat some questions of 
nomenclature briefly. For example, it is evident that the name '-folic acid "is not a 
synonym for the synthetic lactobacillus casei factor. For the sake of brevity, how- 
ever, it is used here in this meaning. 

In 1935 an< ^ r 93 ^> Israels and Wilkinson introduced the expression achrtstic an- 
emia to characterize cases showing a pernicious anemia-like blood picture but 
having a normal gastric acidity, no disturbance of the gastrointestinal tract, no 
involvement of the central nervous system, no pyrexia or evidence of hemolysis, 
and a lack of or a poor response to anrianemic treatment. The bone marrow was 
described as megaloblastic. 

Since the first delimitation of this picture, a few cases have been published by 
various authors but not by as many as might be expected from the comparatively 
large series of cases described by the original authors. On the other hand, their 
experience with uncomplicated pernicious anemia is unusually large. The incidence 
of achrestic anemia in Manchester, England, was stated to be x per cent of (do 
cases of typical pernicious anemia. It is, however, hard to say anything definite 
about the real frequency of this disease in other populations. According to out 
opinion it would seem to be too early to decide whether these cases constitute a 
homogenous group or are instances of different pathological mechanisms (cf , e.g., 
Davis and Davidson). The term achrestic anemia has not been universally adopted. 
In the German literature Schulten (1939), in his textbook on diseases of the blood, 
does not mention the term and Heilmeyer (1941) regards the entity as not yet well 
founded. He seems to believe that these cases should be regarded as instances of 
aplastic anemia. In Switzerland, Rohr (1940) does not treat the question of achres- 
tic anemia in his monograph on the bone marrow. In American literature there is 
some discussion about the real connection of these cases with pernicious anemia. 
Wintrobe (1941), for instance, takes up this problem in his Clinical 2^ 

thinks that the cases show more resemblance to the cases of >°S ress '£ 

*uc of Tinge number- of cases that are regarded 

cases of achrestic anemia. The incidence was still about 1 per 
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material of uoo patients with pernicious anemia. The 6 new patients were divided 
into two groups, 3 being regarded as typically achrestic. The others resembled 
somewhat pernicious anemia in pregnancy. All the patients had a typically megalo- 
blastic marrow, as shown convincingly in a number of photomicrographs. It was 
found that the young patients reacted somewhat better on liver treatment. 

Case reports of achrestic anemia have also been published by Abrahamson and 
Thompson (1937), Wauchope and Leslie-Smith (1938), Hynes (1939), and, prob- 
ably, by Dameshek and Valentine (1937). 

A very interesting report on 6 cases of liver refractory anemias has recently been 
made by Davis and Davidson (1944). Three cases in this paper are regarded as 
achrestic anemia by the authors. The cases were treated with proteolyzed liver 
after it had been shown that they were refractory to potent liver extracts. The re- 
actions were favorable. The authors are of the opinion that proteolyzed liver 
perorally supplies some hematopoietic factor lacking in fractionated liver extracts. 
All the patients had previously received large doses of potent liver extracts, and 
the authors think it likely that they needed an additional factor for normal blood 
formation. The question of several factors will be discussed later in this paper. 

Since 1937, when we had the opportunity of following the development of a 
typical instance of achrestic anemia in Upsala, we have been convinced that this 
represents a clear-cut syndrome. I shall give the case history briefly, as it shows 
some interesting features. 

Case 1. A woman, born in 1891. Father died of gastric carcinoma. Mother probably also hod car- 
cinoma. Since 1915 dyspeptic troubles with vomiting, anorexia, and loss of weight. Admitted to the 
Surgical Clinic in 1916. No achlorhydria, no melcna. Later, increasing number of stools, rather loose. 
Admitted to the Medical Clinic in 1918. Very thin. Tongue normal. Hemoglobin 57 per cent; R.B.C., 
4.1 M., W.B.C. 9,000; platelets, 350,000. Some normoblasts in the blood smear. No achlorhydria. Treated 
with arsenic and iron. In November 192.9, suddenly blind in right eye; pregnant. Admitted to the Ob- 
stetric Clinic. Anemia. R.B.C., 1.16 M.; thrombosis central artery of retina; later thrombosis in both 
legs. Postpartum increasingly anemic with excessively low blood values. R.B.C., 0.68 M.; 113 normo- 
blasts/100 W.B.C., and large numbers of megalocytes. Treated with blood transfusions, iron, liver ex- 
tracts, liver diet and arsenic. The blood values slowly improved. In 1930, R.B.C. 4.0 M. Readmitted to 
the Medical Clinic in February 1934 f° r diarrhea. Three to four loose, foul smelling movements daily. 
Quite emaciated. Very pale. Blood pressure 95/50. Hemoglobin, 30 per cent; R.B.C., 1.4 M.; W.B.C., 
4,400. Normoblasts 31/100 W.B.C. Treatment with campolon gave rather good results, with a hemo- 
globin of 80 per ccnc. R.B.C. , however, only increased to 3.5 M. and later declined in spite of continued 
treatment. In July 1935, back pain, loss of weight, glossitis. Later, fever with some coughing. Admitted 
in January' 1936. Tongue smooth; neurologically negative; blood pressure 130/95; hemoglobin, 80 per 
cent; R.B.C., 1.43 M.; W.B.C., 4,300; neutrophilcs, 37 per cent; lymphocytes 58 per cent; monocytes 
5 per cent. Normoblasts 194/ 100 W.B.C., l.c., a very considerable Ieucopenia. Large numbers of HowelU 
Jolly bodies (54/ 500 R.B.C.). Platelets, 181,000; reticulocytes 4 per cent. Some hydrochloric acid after caffeine. 
The spleen could not be seen on roentgenograms. The patient was treated with campolon. 
Readmitted in March 1937. She had had periods of diarrhea with fever. Still severe hyperchromic anemia 
that did not react to campolon. X-rays of the spine showed considerable osteoporosis with biconcave verte- 
brae. The patient was treated with large amounts of campolon injections and hepamult and hepaforte 
perorally but these gave no lasting effect. She was also given transfusions but her general condition 
deteriorated. In spite of the intense antianemic treatment the bone marrow contained typical megaloblasts. 
She ran a slight fever and had an increased sedimentation rate. Later a lump was palpated in the abdomen 
to the left but the roentgenogram showed no signs of gastric carcinoma. The later development was 
dominated by an acute right-sided otitis that never subsided. The patient was transferred to the Otiatric 
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cnhrgcd retroperitoneal glLdst^’ TpathoZgists S Horn's “"S ^ 
was found a marked atrophy of the spleen, confirming the clinical diagnosis o( iypjpkr.isn,. ‘ 

Comments 

The syndrome represented by this patient showed some remarkable features. She 
had a hyperchromic, megaloblastic anemia that responded rather well to treatment 
with liver extracts for several years. The peculiar thing was that her gastric juice 
contained free hydrochloric acid. A large number of nucleated red cells in the blood 
and erythrocytes containing Howell-Jolly bodies was regarded as evidence of 
splenic atrophy. This diagnosis was confirmed at autopsy. The clinical diagnosis 
in this case was nontropical sprue of che type associated with atrophy of the spleen, 
but it could just as well have been achrestic anemia. It must be regretted that 
analyses of fecal fat were not performed, nor was a glucose tolerance test made. 
The combination of chronic diarrhea with osteoporosis, liver refractory megalo- 
blastic anemia, and atrophy of the spleen in the absence of achlorhydria places the 
patient in the group of nontropical sprue without any doubt (see also case 5). 

The combination of idiopathic steatorrhea and atrophy of the spleen has been known 
for only a comparatively short time. Diinner, Hirschfeld, and Geraldy and Hou 
and Rohr discussed the possibility of atrophy of the spleen in these conditions but 
were unable to prove it at autopsy. The first anatomical confirmation was given by 
Engel, who published a case of nontropical sprue from Sweden in 19} 1. The patient 
died in 1934 and an atrophic spleen weighing only it Gm. was found. The histol- 
ogic picture showed severe sclerosis with only small remnants of the pulp in the 
form of follicles No signs of any specific disorder were found. Re-examination of 
blood smears by Engel in 1939, when the case was again published, showed that S 
per cent of the erythrocytes contained Jolly bodies. At the discussion following 
Engel’s paper, Strandell gave a short account of a woman suffering from liven 
refractory hyperchromic anemia with leucopema and thrombocytopenia but with- 
out achlorhydria. Seven per cent of the erythrocytes showed Jolly bodies. The 
spleen weighed only 60 Gm. at autopsy. Another case history was briefly related 
by G. A. Johansson. Hyperchromic anemia, some leucocytosis, very marked throm 
bocytosis, and large numbers of Jolly bodies were regarded as possibly indicating 
atrophy of the spleen. A glucose tolerance test showed a very slight increase alto 
a dose of 1 Gm./Kg. body weight. It is thus possible that this condition is n 
extremely unusual. Engel has shown that a number of previously pub!, he 
with atrophy of the spleen that had signs of chronic entmtts s 

preted as nontropical sprue. The biological importance of these 
will not be discussed here. From a diagnostic point of view it is impor^ ^ 
that atrophy of the spleen may be one of the symptoms that sh 


in cases of liver-refractory macrocytic anemia. diagnosis in some 

I have previously suggested that nontropical spru > J ^ 4norhff 

instances of achrestic anemia. Since 


instance of achrestic anemia in ten years. Uurmg n ™ becD diagnose 

uncomplicated pernicious anemiafrom the province of Upsala 



JAN WALDENSTROM 


4*9 


in the Medical Clinic. The incidence of liver-refractory pernicious anemia has 
therefore been z/zco, a number that fits in quite well with Wilkinson’s 1 per cent 
in Manchester. In our country this may therefore be the approximate frequency of 
the condition. The other cases published in this paper come from other parts of 
Sweden and should therefore not be counted in this connection. Our case z of liver- 
refractory anemia had the following history. 

Cast i. \V. B. Woman born in 1890.* Hereditarily nothing of importance. No maladies since 1908, 
when she had a chronic nonruberculous mastitis. In 19-9. chronic eczema. In : 93 — - hypochromic anemia 
treated with iron. Regarding the later development of blood values, sec fig. 1. Admitted to the Medical 
Clinic in 1933 with signs of pernicious anemia. Tongue completely smooth; spleen enlarged. W.B.C., 
3.100; platelets nz,ooo. After two months of treatment with campolon and iron, the patient was dis- 
missed with normal blood values. Readmitted in November 1939 for symptoms relating to the mucous 
membranes with glossitis, dysphagia and perleche. Otherwise in good condition. Unusually large fissures 
in the corners of the mouth. Tongue absolutely smooth, as though polished. Also signs of general stoma- 
titis. Skin somewhat diffusely pigmented with numerous dark patches. Heart: systolic murmur over the 
whole precordium. Liver and spleen not palpable. No urobilinuria. Blood pressure, 12.0/75. Icterus 
index, 3. It was regarded as probable that the patient suffered from iron deficiency and she was treated 
with large doses of iron without any definite improvement of the oral symptoms. In 1940 she was again 
treated with large doses of iron without any definite effect. Later dry yeast for one period, riboflavine 
6 mg. daily for a considerable time, and pyridoxine in injections during different periods — all this without 
lasting effect on the fissures or the tongue papillae. She was therefore readmitted to the clinic in June 
1943. Tongue still completely smooth. She was now treated with "becozym” but without any real 
improvement. In March 1945 she was rather ill with anorexia, vomiting, and diarrhea. Severe stomatitis. 
Gait unsteady with paresthesias in hands and feet. Blood values steadily decreasing (fig- 1) in spite of 
continued treatment. Sternal puncture: megaloblastic marrow. No jolly bodies in smears of the periphera, 
blood. Admitted to the Medical Clinic on October a6, 1945. Tongue completely smooth with aphthoul 
ulcers. Spleen somewhat enlarged, easily palpable. Blood pressure rather low (95/65)- For blood valuess 
sec figure 2.. Bone marrow as before. The patienc w'as treated with injections of liver extracts and later 
with transfusions (fig. 1). The result of the liver treatment as regards hemoglobin and R.B.C. was nega- 
tive but there was an increase in platelets from 38,000 to 143,000. Roentgenogram of the esophagus 
showed no varices or other pathological changes. Sternal puncture: scattered megaloblasts. Takata 
reaction negative. Quantitative blood bilirubin, 0.7 mg. per cent. Icterus index, 1. Red cell fragility, 
0.44-0.2.6 per cent NaCl. Roentgenogram of the thoracic spine showed no osteoporosis. Serum calcium, 
8.6 mg. per cent. No occult blood in the stools. An analysis of fecal fat in the Department of Physiological 
Chemistry (Professor G. Blix), showed a content of 18.5 per cent with 49 per cent free fatty acids, 42.5 
per cent neutral fat and 9.5 soaps. Fractional test meal: no hydrochloric acid after caffeine. After 0.5 
mg. histamine: free acid 14, total acid 28 . The patient later showed a rise in temperature (maximum 
39-7° c) with marked decrease of W.B.C. (minimum of 1.100). She was treated with penicillin, 12, coo 
uni ts X 8 for 6 days. The high temperature slowly subsided but remained subfebrile and the sedimentation 
rate was high, 70-80 mm./hr. The patient was given several transfusions but her status remained very 
unsatisfactory. 

When she was discharged on December 17, 1945, it was noted in the case history that the possibility 
of a splenic anemia must be taken into account. Readmitted on January 2.3, 1946. Very tired. No glos- 
sitis. Insomnia, coughmg, tachycardia, swelling of the legs, slight diarrhea, no paresthesias, quite 
emaciated. Weight, 42. Kg; tongue absolutely smooth and glistening; fissures now healed. Blood pressure, 

* The case history has previously been related by Agren at the meeting of the Swedish Physiological 
Society in Stockholm, March 18, 1946 (see Sv. Lakarridn., April ii, 1946) and by Waldenstrom at the 
meeting of the New York Academy of Science on April id, 1946. Some further results of folic acid treat- 
ment in liver refractory anemia were discussed by Waldenstrom at the general meeting of the Nordic 
-ocicty for Internal Medicine in Gothenburg, June z8, 1946. At the same meeting Espersen and Jorgen- 
sen reported on a case of liver refractory pernicious anemia successfully treated with folic acid. 
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11-5/75. Liver palpable 6 cm. below the costa! margin; spleen x fioeer-breadths helnw . 

Neurological])- nothing objecti ve, For blood values! see figure 3 N P N a 4 J » * \ ??& 

TaLara ^ W proteins, s . r per cenc ; albumin, £ 

of forf‘ S Th Dr ’ u T” Agrcn ° f r thc De P artmem of Phpiol^ica] Chemistry Lainlhome samnf-s 
of folic actd through the courtesy of A. B. Ferrosan. Because of the very marked leucoptnia it L 
decided to try the preparation on this patient. As regards the effect, see figure 3. 

The patient was dismissed in a rather satisfactory condition after a total dose of 1,300 roe. of foil- 
acid. No further treatment was given and the patient was followed in the Out-Patients Depirrmoie 
Her general condition of health has been good and she has been able to do her usual household work 

Readmitted in August 1946 as the status of her tongue was not satisfactory. There were found a ha- 
very low papillae on the back of the tongue and several small ulcers. Big fissures in the comers of tb- 
mouth. Liver and spleen still increased in size. As the serum iron value was persistently low, the pstien't 
was given iron perorally and as intravenous injections in a dosage of 10 mg. of iron once daily. This 
treatment did not materially change the condition of her mucous membranes. She was discharged osi 
iron therapy but later studies of the tongue status showed no improvement and the scrum iron valets 
remained low. Her last blood status was taken 10 months after her folic acid treatment, except a perini 
of 7 days in September when she was given a daily dose of 15 mg. against her glossitis. It was HR, 91 
per cent; R.B.C., 4.4 M.; W.B.C., 3,500; and serum iron 447 per cent. 

Comments 

The anemic condition began as hypochromic anemia in 1931. She is thus an 
instance of the transition from hypochromic to hyperchromic "pernicious” anemia. 
This condition is very common in Upsala, having been seen in 2.8 cases of a total of 
137 female cases with pernicious anemia from the province (Waldenstrom, 1944). 
When she came back in 1933 she was treated with both liver extract and iron and 
it seems certain that it was the liver that brought about the improvement, as the 
anemia was definitely macrocytic. It must be regretted that reticulocyte counts 
were not made nor were sternal punctures performed at this early stage of the dis- 
ease. In the meantime her blood values were kept very satisfactorily on continuous 
treatment with liver extracts with intervals of about six to 8 weeks. It should 
be noted, however, that both In 1939 and in 1941 an occasional leucoc) tc count 
showed strikingly low values. In the year 1944 the values for the red cells were 
normal as before, but in 1945 there was a marked decline and in the autumn of 1545 
the patient became desperately ill in spite of large doses of potent liver extracts. 
This is shown in figures 1 and 2. From these charts it may be noted that heptomm 
in large doses gave a slight drop in serum iron and a very feeble reticulocyte peak 
hue no improvement of either the red or the white cell counts. The patient had to 
be given several transfusions to keep her alive. (It should perhaps be note t a 
another patient with pernicious anemia in the same ward reacted norma ) 

hC The”esult of folic acid treatment was prompt, as is clearly seen from figm j* e 
reticulocyte response was rather good. 

the serum iron values decreased very markedly. The in«*eifl h ^ ^ 
was rapid and considerable. The temperature came down to no J ^ 
sedimentation rate also became normal in a short time. T ^ tcn£ fe nc} - w 

but the values were rather variable and there has b« P dcd 1S , 

leukopenia. This is especially worth noting as the leukopenia 
special indication for treatment with folic acid. 
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During twenty-three days the patient received icomg. folic acid daily perorally. 
After that time all treatment was stopped but the erythrocyte count continued to 
increase to high values (about 5.0 M.) and has remained normal for ten months 


£ Pal W. b 1890 



Fio. 1 — Case 1. Course of blood counts with liver extract and folic acid. 



Fio. 1 — Case i. October-Deccmber 1945 


vv ithout any further treatment than iron and 5 mg. folic acid thrice daily for seven 
days. 

It is thus obvious that a -patient who has become completely refractory against otherwise 
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potent liver extracts may react well on large oral doses of folk acid. The long-lasting effect 
of this therapy speaks in favor of the assumption that folic acid itself may be 
stored for long times in the body or is the initiator of some secondary mechanism 
that keeps on promoting blood cell production in the presence of antipcrnicious 
anemia factor from liver. It is of interest to note that Davis and Davidson found 
good therapeutic effect with proteolyzed liver after ineffective administration of 
liver extracts. 

A chapter of special interest is the condition of the tongue in this case. Because 
of the fact that the lingual mucosa was refractory to all sorts of specific treatment 
it was assumed that the patient might suffer from some hitherto unknown defi- 
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Another instance of liver-refractory anemia is the following: 

Cast 3. C. B. Woman born in 1905.* Mother died of gastric carcinoma. Otherwise there was nothing 
important as regards heredity. Since 1930, ulcers on both legs. About 1940, first period of diarrhea; 
treated with pancreatic preparations. In November 1944, ulcers on both legs with eczema. Tongue; 
low papillae. Hb., 63 per cent; R.B.C., 3.3 M.; sedimentation rate, 5 z mm./hr. Test meal showed free 
hydrochloric acid. Later discontinued treatment. Re-examined in January 1946. Increasingly tired. Very 
pale; glossitis, dyspnea, palpitations, slightly icteric. Liver and spleen not palpable. Hb., 38 per cent, 
R.B.C., 1.9 M.; color index, 1.0; W.B.C., 3,300. Differential count; neutrophiles 44 per cent, eosinophiles 
1 per cent, lymphocytes 54 per cent, monocytes 1 per cent, reticulocytes 10 per cent. Sternal puncture, 
megaloblastic marrow. After histamine, free hydrochloric acid, 60 units. As the diagnosis of pernicious 
anemia seemed certain, the patient was given 4 4" 4 m k of a potent liver extract on 2. consecutive days. 
Her reticulocytosis never exceeded 5 per cent. She was later given a new injection of 4 ml. heptomin.; 
Hb., 37 per cent; R.B.C., 1.5 M. The result of liver treatment was regarded as unsatisfactory and the 
patient was sent to a hospital on January 18, where she was treated as a probable instance of aplastic 
anemia. On admittance her Hb. was zz percent; R.B.C., i.z M.; W.B.C., 1,700. In spite of intensive therapy 
with liver extracts and blood transfusions, no real improvement occurred. Severe leucopenia; at one stage 
not more than 4Z0 cells. The patient was treated with blood transfusions, repeated injections of liver 
extracts, and nucleotide. Blood values on dismissal: hemoglobin, 40 per cent; R.B.C., z.i M.; W.B.C., 
3, zoo, with improved general condition. The patient was regarded as an instance of aplastic anemia and 
a relapse was regarded as probable. In the end of April: hemoglobin, 50 per cent; R.B.C., 1.9 M.; W.B.C.. 
3,000, with some nucleated red cells. Reticulocytes, 10-15 P er ccnt - The patient was given z + 1 ml. 
soluble liver extract (Lederle) on z consecutive days. No reticulocytosis. Two weeks later: Hb., 66 per 
cent, R.B.C., z.7 M. On May zz: Hb., 64 percent; R.B.C., z.4 M. After that time R.B.C. was constantly 
about z.5 M. The patient was admitted to the Medical Clinic in Upsala on June 8, 1946, as a possible 
instance of achrestic anemia. She felt much better than she had before. Her glossitis had disappeared and 
her menstruation, which had ceased during the period from December to March, had reappeared. 
The color of the skin was brownish, with stronger pigmentation on the face, on the hands, knees, and 
feet. The medial aspects of both malleoli were strongly pigmented and showed ulcerations. No pigmenta- 
tion of the abdomen or in the folds of the hands. No perleche. Tongue papillae low. Heart normal. 
Muscular sensibility in toes and fingers normal. Tactile and vibratory sensation normal. Serum cal- 
cium, 9.8 mg. per cent; potassium, 18.9 mg. per cent; sodium, Z78 mg. per cent. Total protein, 8.8 per 
cent, albumin, 4.5 per cent, globulin 4.3 per cent, fibrinogen 0.35 per cent. Takata reaction positive. 
Formol-gel reaction, negative. Fasting blood sugar normal. Glucose tolerance test, very flat with initial 
value 1 13 mg. per cent, maximum value 140 mg. per cent, z.5 hours after the ingestion of 55 Gr. of 
glucose. For blood values, see figure 4. No Jolly bodies in the smears of the peripheral blood. Sedimenta- 
tion rate, 9Z mm./hr. As the diagnosis of nontropical sprue seemed probable, analyses of the fat in the 
feces were performed in the Department of Physiological Chemistry. On June 11, 1946, the total fat was 
found to be 37.5 per cent, with free fatty acid, 4Z.7 per cent; neutral fat, 43.7 per cent; and soaps, 13.6 
per cent. The analyses was repeated later on July 9. Total fat, Z5.6 per cent, with free fatty acid Z9.Z per 
cent, neutral fat Z1.7 per cent, and soaps 49.1 per cent. Roentgenograms of the spinal column showed no 
osteoporosis. Fractional test meal: free hydrochloric acid = 30 after caffeine. The patient was given folic 
acid Z5 mg. daily for 13 days, then 50 mg. for a week, and finally 100 mg. daily for iz days. The total 
dose was thus nearly z gm. (The folic acid for the treatment of this patient was generously supplied by 
the Lederle Laboratories, New York, through Dr. Guy Clark, for which the author expresses his sincere 
thanks.) 

The patient was discharged on July iz, 1946. The results of treatment are seen in figure 4. After a 
month’s time without further therapy the patient returned to the hospital in very good general condition 
and with practically normal blood values. The blood showed: Hb., 77 per cent, R.B.C., 4.1 M.; W.B.C. 
4,000. Sedimentation rate, 36 mm./hr. (fig. 4). 


* [In fact, the association of splenomegaly with a more or less refractory anemia and 
leukopenia makes one suspect the possibility of a hypersplenic condition.— Editor] 
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Comments 

Several interesting points should be noted. It is evident that the ledculomt 
response was rather slight, but that the decrease in serum iron was marked The- 
was also a certain increase in the platelets. These three changes together indicated 
thac the therapy may have been successful and it was expected that the red cells 
would improve. This was not a quick result, however, and the effect of folic add 
therapy was at first regarded as a failure. The exact diagnosis in this case is nor easy 
to make. Naturally she may be regarded as an instance of achrestic anemia accord- 
ing to Wilkinson. It has earlier been pointed out that there is probably a certain 
connection between achrestic anemia and nontropical sprue. This patient showed 
a few symptoms that might indicate some disturbance of this type. She had had 
diarrhea for several years. There was found a hyperchromic anemia with megalo- 
blastic marrow, in spite of abundant hydrochloric acid in the gastric juice. Her 
serum calcium was normal and there were no signs of osteoporosis. The percentage 


<j>Put.B b 1905 



Fio. 4 — Case 3 . Biood councs. 

of fat in the feces was rather high. This fact cannot in itself be used to the 
presence of idiopathic steatorrhea. On the other hand, the glucose 
showed a very flat curve with an increase of only x6 mg. per ccnt ^.J 5 J o[ 
cose. Also, the curious pigmentations on the arms may be a , ,1 

“opicl spme. The excellent effect ofJerge ot (diced pc,o,.»! 

for several months, as in case x. ,, mine-fast 2 chlorhydriaand 

Case 4 differed from the others m that she had a hisrami 
showed no signs of leucopenia. , o 
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, • i in ... Clinically’ typical pernicious anemia with complete achlorhydria was found and a 

Ac P .,i«. A, tad tec ,.ki«g regularly- " 
.. tier cent’ R B C., 1.4 M.). Sternal puncture showed typical megaloblastosis. With liver extr p 

ter. illy, reticulocytosis was normal, but very slow and incomplete increase of the blo ^ va ' ucs t ° 
Se Cafe 5 Jeeks Hb. was 64 P« cent, R.B.C., 3.0 M.). The patient was treated with large doses 
of different liver extracts, 310 ml. in all during a period of 8 months with only a temporary «s= of R.B. 
above 10M In May 1946, the highest red cell value was 3.4 M. No signs of complications such 
carcinoma, chronic renal or liver disease or myxedema. From November 1945 to September 1946, 130 

ml. of liver extracts in all were given intramuscularly. 

Subjectively, the patient felt rather poorly; occasional lingual disturbance was present; no P^sthcsms 
of the legs. She felt rather nervous-"no pep.” Admitted to the Medical Clinic in Upsala on Octob.r 8, 
1946. On examination she appeared tired, thin, and pale. Weight, 49 Kg. Tongue reddish with atrophic 


g Pat. C. b. 1886 
2755 /a6 



papillae. Internal organs otherwise normal except considerable decrease of vibratory sensation in the legs. 
No albuminuria or urobilinuria. No occult blood in the stools. For blood values, see figure 5. No 
Howell-Jolly bodies in the smears of the peripheral blood. Sternal puncture: scattered megaloblasts. 
Takata reaction notmal. N.P.N., 30 mg. per cent. Histamine-fast achlorhydria. X-rays of the stomach 
normal. 

The patient was treated with 15 mg. folic acid daily and there was rapid amelioration in the status 
of the tongue. The patient felt much stronger (fig. 5) and was discharged on October 30, 1946. Later 
examinations by Dr. Berlin showed the values: November 8, Hb. 84 per cent, R.B.C. 4.1.; December 5, 
Hb. 90 per cent, R.B.C. 4.1 M. The patient had then taken a further course of folic acid (15 mg. daily 
for 3 weeks). 


marrow (Lepromin S ml. for 4 consecutive days). This had no effect. Injections of liver extracts were 
repeated without any results. The patient was therefore treated with a transfusion and hepaforte perorally. 
No reaction. After a week’s treatment, folic acid (xo mg. daily) was given. Maximum reticulocytosis 
16.7 per cent on the fifth day. After a monrh, R.B.C. 4.5 M. This effect has lasted. The patient also 
suffers from chronic arthritis. 
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Comments 

The diagnosis in this instance seemed to be uncomplicated pernicious ancmii 
In spite of this she never showed normal erythrocyte or hemoglobin values C vr 
after massive doses of liver extracts. It was therefore regarded as desirable !o trv 
fo ic acid. In this instance the dosage was much smaller and lasted only for mo 
weeks. In spite of this the response was rapid. The difference in the effect of folic 
acid as compared to liver extracts cannot therefore be explained solely on aquanti- 
tative basis. The result has been lasting and the patient is at present on continuous 
treatment with folic acid in moderate doses. The immediate effect of the thcrarv 
showed itself both as a slight increase in reticulocytes and as a verv marked drop 
in serum iron values. 

The following case belongs in the same group as case i. 

Cast ;. Woman born in 1906.* Nothing of importance hereditarily-. As a child she was ven small 
and delicate. She was said to have suffered from rickets. At the age of zz she had an optic neuritis but iK-i 
has never relapsed nor had she had any other sypeoms of organic neurological disease. About so.;; ff- 
felt especially tired and her doctor cold her that she was anemic. She noticed that her skin becawcditVte. 
Examined by Dr. Grundsell injune 1945. She was quite emaciated, strongly pigmented hurshonnio 
other signs of Addison's disease. Blood pressure, 140/90. Plasma sodium, 315 mg. per cent. Sedimecutim 
rate, 39 mm./hr.; Hb., 61 per cent; R.B.C., 3.1 M. In the beginning of May 1946, she began to bn: 
dyspeptic troubles with four to hue bulky stools daily. Large numbers of fatty acid crystals Hereford 
in the feces. She was later treated for steatorrhea at the Carolina Hospital in Stockholm. In October 
1946, she felt pains in her back. These pains often lasted for about an hour. Her back was quite st;: 
afeer such an attack. No menstrua! disturbances of special importance. 

Admitted to the Medical Clinic in Upsala on December 194$. Very thin (44 Kg.), with a wtir.ll:! 
face. Skin darkly pigmented, hair and eyes also strongly pigmented. A number of brown spats hoc pn- 
ent on the arms and legs which, according to the patient, had developed alter insect bites and ftiKtct:' 
Tongue normal. Some small aphthous ulcers in the mouth. Abdomen distended with gas, no palpaK: 
masses. Neurological examination negative. No albuminuria or urobilinuria. Prothrombin inks. / 
Serum calcium, S.8 and 9.1 mg. per cent. Total protein, 5.4 per cent. Serum iron, 71 gammas; Hb , 
per cent; R.B.C., 3.6 M.; W.B.C., a, 800-3,100. Differential count normal. About 1.5 per ccac debt re- 
calls contained Howell-Jolly bodies. Scattered normoblasts. Reticulocytes, 6 per cent, platelet', 
Sedimentation rate 41 mm./hr. Afebrile. X-rays of the spleen failed to show a dednite shadow 
spleen is probably small. ” Spinal column and pelvis showed no definite osteoporosis. . 

The feces were bulky, usually grayish in color, mostly semisolid, sometimes formed. An ana ^ 
fecal fat was performed in the Department of Physiological Chemistry! on samp.es from Decern e p 
December 10. The total fat was 66.4, via. 60.6 per cenc; of this 38.4 viz. 17.7 per cent "-re ree.attv 

36.6 viz. 3o.6percentneutral fat and 15.0 via. 41. 8 per cent soaps. Aglucose tolerance test wit “ 

cose showed a fasting value of 76 mg. per cent. The highest value reached was 106 mg- pet “ Bt , 
minutes. A similar experience was made n i ch butter (50 Gm.). Before the test t ^ fois ait 


were 7» mg. per cent. There was present 115 mg. per cent/ total cholestero , 34 mg- 1 * (ofejr ^ 

free. Choline was 30 mg. per cent and lipid phosphorus 6.9 mg. per cent, our our ^ s 

test, the total lipids were 730 mg. per cent, the total cholesterol 141 mg. per cent/ 

mg. per cent, lipid phosphorus 7.5 mg. per cent. minute. Becac'e c ‘ t: ~ 

The electrocardiogram showed a rather long Q-T of 0.41 at a heart rate 0 51* ffJ , K pizl 

slightly decreased calcium values in che blood and the possible latent tetany, 


* Dr. H. Grundsell kindly referred this patient to the Clinic and gave 

about the history. , „ _ 

f The analyses were kindly performed by Dr. G. Brantc. 


re the author access to 
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At a rate of 75 per minute, Q-T was 0.40. The patient was given 10 ml. of 10 per cent calcium (Sandoz). 
The heart rate was then 65/min., Q-T 0.36. Five minutes later, it was 60/mio., Q-T 0.37* 

The patient was treated with folic acid pcrorally without any obvious influence on the stools. She felt 
decided subjective improvement however. Her hemoglobin and red cell values after this treatment were 
completely unchanged. After six days of treatment the serum iron was still 507 per cent. Injections of 
folic acid (15 mg. daily) were therefore started. The serum iron decreased to 3x7 percent, but there was 
no decided reticulocytosis nor any increase in red cell count. The macroscopic appearance of the feces re- 
mained unchanged and their weight was the same as before. Analyses of the fecal fat still showed 53.7 
per cent total fat, consisting of 2.7.6 per cent free fatty acids, 45-9 per ccn t neutral fats and 2.6.5 P^ 1 " CCDt 
soaps. 

It was thought that liver extracts might possibly have some therapeutic value after treatment with 
folic acid. Heptomin (4 ml.) was therefore given on 4 consecutive days. There was no reticulo- or throm- 
bocytic response, no improvement of the red cell value and no gain in weight. The serum iron came down 
to very low values of 13 7 per cent. After two weeks of observation the patient was given large doses of 
iron because of the low serum iron value. This gave no further reticulocyte response nor did it inccase 
the hemoglobin or the red cells. After one week, rather large doses of casein digested with enzymes from 
the spleen, according to a method described by Agren, were given. This week there was a marked increase 
in weight of 1.6 Kg. to 47 Kg. The iron medication was stopped. As the weight decreased during this 
period, the patient was given no more digested casein. She was discharged with large doses of iron. 

Comments 

The diagnosis is not difficult to make. The patient probably suffers from the 
peculiar type of idiopathic steatorrhea that is combined with atrophy of the spleen 
(cf. case 1). The leading symptom in this case was not so much the anemia as the 
steatorrhea and extreme emaciation. Atrophy of the spleen is indicated by the 
presence of large numbers of Howell-Jolly bodies. The connection between these 
findings and the other symptoms of idiopathic steatorrhea has already been dis- 
cussed. The influence on the Q-T interval in the electrocardiogram by intravenous 
calcium therapy might indicate the presence of a latent calcium deficiency. 

This patient showed a slightly hyperchromic or normochromic anemia of 
moderate severity. Treatment with folic acid perorally had no effect on the anemia 
nor did it give any reticulocytosis or decrease in serum iron. It thus seems probable 
that the anemia in this case was also achrestic against folic acid. Whether the 
suspected atrophy of the spleen plays some part in this mechanism is difficult to 
judge. 


Discussion 

The most interesting problem in this connection is the question of why the 
patients a, 3, and 4, who had lost the ability to react to treatment with liver 
extract, responded to folic acid. Many explanations are possible. The simplest 
would be that the dosage of folic acid was greater than the previous amounts of 
liver extract given The difference would thus be purely quantitative. This seems 
improbable for two reasons. First, the dosage of liver extracts had been very con- 
siderable. Second, case 4 showed good response on doses of folic acid that are 
regarded as quite small This is also in accordance with our own experience of folic 
acid treatment in 15 cases with uncomplicated pernicious anemia. Some qualitative 
difference should therefore be looked for. 

Another explanation would be to assume a difference of absorption. It seems 
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d to understand however that an injected substance should be less well uriliH 
than one that is administered perorally. At least one of the cases (4), had also fw" 
treated with liver preparations per os without any effect. Therefore this cxrlana 
tion does not seem very convincing. The only way to look upon the matter is ,0 
regard folic acid and liver extract as different in their action. Ocher hypotheses 
could be formulated but would probably be found lacking in factual foundation. 1 
shall therefore abstain from the further treatment of this subject: until more in- 
formation has been collected. 

It seems obvious that case 5 suffers from a norroo- or hyperchromie anema in 
connection with nontropical sprue that is refractory to injected liver extract 
and to folic acid both in the form of tablets and injections. This would thus 
indicate that there may be cases of achrestic anemia both as regards the liver factor 
and folic acid. Whether they will respond to some other factor is not yet known 
but will be investigated. The question whether rhere are cases refractory to folk- 
acid which respond to live r extracts cannot be answered as yet. We have been ini 
position to treat some 15 cases with uncomplicated pernicious anemia in relapse 
with folic acid. All responded well to this treatment but our experiences mustk 
much greater before anything definite may be said. In the presence of such compli- 
cations as chronic arthritis and iron deficiency, rhe effect of folic acid was dimin- 
ished. 


Summary 

Four cases of liver-refractory macrocytic anemia are described. Three were 
treated with folic acid pcrorally and reacted well. 

The first was an instance of nontropical sprue with atrophy of the spleen that 
was diagnosed clinically and confirmed at postmortem examination. Thcmcgalo- 
blastic anemia also became completely refractory to crude liver extracts and liver 
digested with gastric juice. 

The second case was successfully treated wirh liver extracts for twelve years. 
After that time she suddenly became refractory with severe Icucopcnia. Folic an Jin 
large doses had an excellent effect and the patient has kept relatively normal Noo-i 
values for about a year without further treatment of importance. It shou - 
noted that the morbid condition of the tongue could not be influenced by folic act - 

The third case should probably be classified as idiopathic steatorrhea. 0 ' 
acid gave a full remission of the macrocytic anemia. 

The fourth case resembled typical pernicious anemia more closely, as a isa ■ * 

fast achlorhydria was present. This patient had been refractory to ner trea 

but reacted well to folic acid in ordinary doses. probable 

The fifth case was a epical instance of idiopathic attaint to 
atrophy of the spleen. She had a modeme aiemi, dm : 
tracts. Folic acid perorally and intramuscularly neithe 

- folic acid in doses of 10 to 30 mg. dally was good. Fall team 


to 
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hemoglobin and erythrocytes could be expected with a total dosage of 400 to 6oo 

mg ' ... , 
Certain cases of pernicious anemia refractory to liver extract may respond to 

folic acid. This indicates that the two substances probably have different mecha- 
nisms of action. 
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THE ACTION OP PTEROYL GLUTAMIC ACID AND NATUBAL mrr 
OF FOLIC ACID ON BLOOD DYSCRASIAS INDUCED 
BY SULFONAMIDE DRUGS 


By H. G. Petering, Ph.D., R. A. Delor, B.S., and H. C. Murrav, Pn.D. 

F OLIC acid or vitamin B 0 deficiency has been induced in the rat by fcJinq i 
purified diet: containing succinyl sulfathiazole or sulfaguanidine. ' .'.s.* Tf,;, 
deficiency is corrected in either case by feeding free or conjugated pteroy) gluramk 
acid while the syndrome produced by sulfaguanidine is also corrected bv pin- 
aminobenzoic add. The action of these drugs has been considered to be due to their 
inhibitory effect on the synthesis of folic acid in the intestinal trace of the animal/ 
It has been known for some time that the more soluble sulfonamides width' used 
in medicine also cause blood dyscrasias in human patients which resemble those 
due to folic acid deficiency in rats fed sulfasuxidine or sulfaguanidine. 8 ' ’• 15 Samr 
work with experimental animals has shown that sulfanilamide, sulfathiazole, and 
sulfadiazine cause leukopenia, granulocytopenia, and even anemia, in addition to 
other toxic manifestations upon prolonged administration .u.w.n Romberg, Daft, 
and Sebreil 12 have reported that the dyscrasias in rhe rat due to soluble sulfonamide 
can be alleviated by treatment with Wilson liver fraction L and brewers’ yeast. 

The importance of the soluble sulfonamides in medical practice and the fact thit 
some investigators consider that these drugs are retained in the intestinal tract is 
sufficient quantity to produce some bacteriostasis"- 15 ' 16 which might cause the 
appearance of folic acid deficiency have prompted us to report our studies on th: 
effect of crystalline folic acid, liver extract powder, 1-20 yeast extract, and para- 
aminobenzoic acid in the prevention of blood dyscrasias induced by prolonp. 
administration of sulfanilamide, sulfathiazole, and sulfadiazine. Chronic toxicity 
studies reported here were undertaken, since some investigators believe the} a- 
more applicable to medical cherapeurics than are acute toxicity studies. !T 


Experimental 

Twenty-eight day old weanling white rats of random sex, 45-50 Gm. in 
vere placed on the basal purified diet* 18 to which in most instances was ad e 1 p- 
:ent of the sulfonamide drug being studied. The drug was added at the expense ^ 
he sucrose. Supplements were fed from the first day, since the object 0 r < 
vas to determine the effect of certain nutritional substances on t c presc 

ilood dyscrasia. . . Anh-etl 

Growth curves were obtained in all cases by semi week y " C T 1 5 

* The basal diet was composed of 71 per cent sucrose, 18 per cent cMtrih. s * 

cut cottonseed oil, a per cent cod liver oil, 4 P«ccnc salt ( ««). • ^ Daily 

>er cent inositol and aoo T pet cent of vitamin K Cd-olvcd an cod to* 
rystalline vitamins included : thianune hydrocblonde, xoo 7 , riboflavin, 1 P. 

:oov - calcium d-pamothtnatc, loot; nicotinamide, 5007, an > 

Tom the Department of Nutrition, The Upjohn Co., Kalamazoo, Mich, pan. 
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of about the fifth and eighth weeks, complete peripheral blood analyses were made 
on all surviving rats, using conventional hematological technics. 

The antagonistic effect s of the supplements on the antibacterial action of the 
sulfonamides was studied in vitro with Str. haemolyticus (D groupLanccfie)d,o9oR, 
University of Kansas). The medium which was used was composed of edamin 
(protein hydrolysate) and dextrose supplemented with Speakman salts A and B, 
nicotinic acid, thiamine, uracil, guanine, and adenine, and adjusted to pH 6.9. 
Growth effects of various substances and drugs, either inhibitory or stimulatory, 
were measured turbidimetrically by comparison with the growth of the organism 
on the basal medium. 

The supplements whose effects were tested in the work reported here were (1) 
pteroyl glutamic acid or folic acid,* (z) liver extract powder ilzo (L.E.P.), (3) 
dried yeast extract (D.Y.E.), and (4) para-aminobenzoic acid (PABA). The liver 
extract powder was found to contain about 507 of total folic acid per gram (41-597 
range), of which about 40 percent was free folic acid, while the dried yeast extract 
contained about 857 of total folic acid per gram (range 60-1107), of which about 
90 per cent was in the conjugated form. Some difficulty was experienced in accu- 
rately assaying the dried yeast extract by microbiological technique due to the 
variability of the enzymatic digestion step.f 

Results 

The hematological data arc summarized in tables 1 and 1, and representative 
growth curves of the rats arc given in figure 1. An interpretation of these results is 
given below. 

Experiment I illustrates the response obtained under our conditions on a pre- 
ventive experiment with 1 per cent sulfasuxidinc. It can readily be seen that 100 
mg. or more of dried yeast extract daily, furnishing about 8.57 of "total” folic 
acid, kept the animals in almost normal condition as judged by the level of blood 
components, but normal growth was not attained until Z00-3C0 mg. of D.Y.E. 
were fed daily. This experiment also illustrates the severe leukopenia, granulocy- 
topenia, anemia, and growth depression produced in the rat by feeding 1 per cent 
sulfasuxidinc in the purified basal diet, which otherwise maintains the animals in 
as good condition as does the stock diet. In this experiment a severe anemia was 
experienced by the animals receiving the drug alone, the appearance of which is 
variable (cf. exp. II). 

Experiment II (table I) was carried out to illustrate the relative effects of sulfa- 
suxidinc and sulfathiazole in the basal diet as compared with basal and stock diets 
in litter mate rats. It is our experience that z per cent sulfasuxidinc frequently is 
necessary to produce severe symptoms of growth depression and blood dyscrasias, 
which accounts for that level being used here. The data show that both drugs cause 
severe growth retardation, leukopenia, and granulocytopenia, although z per cent 

* Crystalline pteroyl glutamic acid or folic acid, supplied as Folvitc 5 mg. tablets of Lcdcrle Labora- 
tories, suspended in water containing a trace of ammonium hydroxide. 

t Suarez ct al.» have reported that J. R. Totter has found a polypeptide of para-aminobenzoic acid 
in yeast to be a specific inhibitor of the enzyme conjugate. 
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sulfasuxidine appears to be somewhat more drastic in its effects on the white cell 
picture. 

The action of i per cent sulfanilamide is shown in the data from experiment ill, 
table z. These results indicate that sulfanilamide probably causes as severe a grow th 
depression as does sulfasuxidine, but the effect on the blood is less severe although 
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is present in animals receiving these supplements. Para-aminobenzoic acid at the 
level used shows some beneficial effect, but permits the appearance of mild symp- 
toms of leukopenia, granulocytopenia, and anemia. 

Growth retardation by i per cent sulfanilamide therefore appears to be due in 
part only to a folic acid deficiency, since it is not so completely prevented as is that 
due to sulfasuxidine, even though the blood dyscrasia due to sulfanilamide can be 
completely eliminated by 57 or more of synthetic folic acid or an equivalent 
amount of liver extract powder. 

The effects of i per cent sulfadiazine in the absence and presence of folic acid, 
liver extract powder, and para-aminobenzoic acid are shown in the data of experi- 
ment IV, table z. These results show that i per cent sulfadiazine also produces a 


Table i. — Data Showing the Development oj Blood Dyscrasias on Purified Diets Containing 
Soluble and Insoluble Sulfonamide Drugs 


Group 

no. 

Diet &: daily supplement 

Experi- 

mental 

day 

W.B.C. 

lov 

(mm.)* 

Granu- 

locytes 

10 */ 

(mm.)* 

R.B.C. 

10 «/ 

(mm.)* 

Hemo- 
globin 
Gm./ 
100 ml. 

Hema- 
tocrit 
% vol. 


Exptntmnt I.Basal t fact i% sulfasuxidine 

I 

Stock 

35 

II. 8 

i -53 

9.0 

14.0 

47 

5/5 

1 

Basal (no drug) 

35 

11. 5 

1.50 

8.6 

ii.8 

43 

5/5 

3 

Basal 

35 

5-5 

0.2.L 

4.8 

n. 3 

39 

5/5 

4 

Basal ioo mg. D.Y.E. 

35 

II .O 

I- 3 1 

6.7 

13-7 

47 

5/5 

5 

Basal ioo mg. D.Y.E. 

35 

11. 8 

I -53 

7-7 

12 -5 

4 1 

5/5 

6 

Basal 300 rag. D.Y.E. 

35 

13.8 

1.66 

8.4 

13..7 

44 

5/5 


Experiment II, Comparison of sulfasuxidine and sulfathiazole 


Stock diet 

35 

IO.4 

I.4O 

7-9 

J 5 -3 

41 

10/10 

Basal (no drug) 

35 

9-7 

1. 13 

8.0 

14.1 

4*- 

10/10 

1 

Basal (no drug) 

, 2 .% sulfasuxidine 

35 

3-9 

0.07 

7.6 

14 . z 

4i 

10/10 

1 

1 Basal (no drug) 

{ 1 % sulfathiazole 

35 

6.5 

0 . 2-4 

7-5 

M 

V>J 

CO 

39 

10/10 


'were retardation of growth and pronounced blood dyscrasias. The growth is not 
. c,u y affected by liver extract, folic acid, or para-aminobenzoic acid, but the 
leukopenia and granulocytopenia are eliminated by ioo mg. of liver extract powder 
ind 57 of folic acid, the former having a more pronounced effect than the latter, 
wo mg. of para-aminobenzoic acid permits the appearance of mild leukopenia and 
evere granulocytopenia. All supplements seem to retard the development of anemia 
o a significant degree. 

One per cent sulfathiazole in the diet appears to be more toxic than i per cent 
■■''"anilamide or i per cent sulfadiazine, as judged by the data shown in table 2 ., 
j-uments V and VI. The anemia, leukopenia, and granulocytopenia appear to 
e more severe with this drug than with either sulfanilamide or sulfadiazine, 
iortality is greater than was shown in experiments with either sulfanilamide or 
dfadiazine. 
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Table z .~ 


-HematalagicalData Slaming tie Effect of Variant Stepp Entente * * C w „ - flw 
Dyserassas Due to Soluble Sulfonamide Dru g , 1 


Group 

no. 

1 Daily supplement 

Experi 

mental 

day 

W.B.C 

10V 

(nun.)* 

Granu- 

locytes 

10*/ 

(mra.)* 

R.B.C 

30 V 

(mm.)* 

Hemo- 
globin 
Cm./ 
100 ml 

Hecm 
tocrit 
% \o\ 

At.’tj. 

sv\ii 

Anru 

5 tJ*tf 


Experiment III. 

Basal diet 1% sulfanilamide 




i 

z 

3 

4 

None 

5 y folic add 

ioo mg. liver powder ilto 

i mg. PABA 

35 

56 

35 

56 

35 

56 

« 

56 

10. 0 

7-1 

16.6 

* 7-4 

18.4 

15.5 
10, S 

11. 7 

0.80 

0.43 

i -49 

1.44 

3 - 3 i 

1.59 

1.30 

1.05 

5-9 

6.0 
6.8 

7-4 

7-1 

7-5 

6.1 

7-1 

9-3 

8.8 

10.5 

n.i 

10.5 
11.4 

10. i 

n.6 

3 ! 

l 9 

37 

40 

37 

39 

35 

3 S 

?'< 

10/11 

toils 

10/15 


Experiment IV. Basal diet i % suljadia t 

inc 




i 

None 

36 

10.8 

0.31 

7 -i 

II . 0 

39 




56 

8.3 

O.I3 

5-9 

8.1 

31 

io'jo 

z 

5 y folic add 

36 

it. 1 

1. 10 

7.6 

n. 7 

40 




56 

IL-5 

1.06 

7.6 

9*8 

37 


3 

ioo mg. liver powder 1:10 

36 

16.7 

1.67 

S.i 

11.1 

4 > 




56 

15.6 

1.40 

7-9 

10.1 

40 

IQ/IO 

4 

i mg. PABA 

36 

n. 9 

0.83 

7-4 

11. 0 

39 




56 

5-9 

0.50 

7 -z 

9*4 

35 

9 '‘l 3 


Experiment V. Basal diet s% sulfatbia^ole 


1 

None 

35 

IO. I 

0.2.0 

7-4 

11.5 

36 

9 A 



56 

3 - 2 - 

0.00 

3-9 

6.1 

ii 

(ho 

z 

10 y folic acid 

35 

16.7 

1.84 

S.i 

13. S 

39 

8/13 



56 

* 3-5 

1.08 

8.3 

n. 5 

4 ° 


3 

ioo mg. liver powder i.'io 

35 

I 5 - 2 - 

z.71 

7 -i 

14.1 

39 


j 


56 

13.6 

0.95 

7-5 

11. 8 

43 

10 

4 

100 mg. D.Y.E. 

35 

14.6 

1.15 

7.0 

14.1 

40 

9,10 



56 

10.8 

1.3° 

7-1 

ri.8 

4- 



1 

z 


X 

.4 


Experiment VJ. Basal diet i% sulfathia^ole 


None 

36 

7-5 

0.0S 

7-3 

II.9 

4* 

;/« 

10 y folic acid 

56 

36 

6.4 

14.3 

0.06 

1.86 

6.5 

8.5 

9*4 

*3*3 

3' 

44 

7/ JO 

; A 3 

100 mg. liver powder i'.zo 

56 

36 

11. 0 

15.1 

1. 10 

l.ZZ 

S.i 

7.6 

11.8 
iz. 6 

37 

43 

,e 

7 i i0 
$'J 3 

1 mg. PABA 

56 

3 6 

16.1 

9-4 

1*45 

0.75 

7-7 

6.6 

13.1 

11. 1 

3 5 

3 s 

;/jo 

-/i 2 

56 

10. 0 

0.S0 

7-4 

11. i 

35 



All supplements have a small beneficial effect in preventing the 
etardation due to the drug, but xoo mg. of (o]k 3 j>, 

oy of folic acid seems definitely to be the best m t is re pe 
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liver extract powder, and dried yeast extract effectively prevent the onset of the 
severe anemia shown in the negative group. Para-aminobenzoic acid has a lesser 
effect on the anemia. 

All supplements prevent the development of the severe leukopenia and granulo- 
cytopenia found in the negative control animals, although para-aminobenzoic 
acid again seems much less effective than the other substances. 

In an experiment not shown in the tables, the addition of high potency anti- 
pernicious anemia extract (io units) or 2. mg. of para-aminobenzoic acid to folic 
acid has no significant effect on the course of the blood dyscrasias or growth due to 



I [Fio. 1. In vitro microbiological data of antagonism of various supplements to sulfadiazine, using 
Str. hacmolyticus, B Lancefield (090 R, University of Kansas). Curves 1, z, 3 are folic acid vs. o, 10, and 
1007 sulfadiazine per ml. respectively; curves 4, 5, 6 are PABA vs. o, 10, and 1007 sulfadiazine per ml. 
respectively; curves 7, 8, 9 are L. E. P. (1 :uo) vs. o, 10, and 1007 of sulfadiazine per ml. respectively. 

i per cent sulfathiazole, but the liver extract seems to increase survival. This 
decrease in mortality seems also to be evidenced in other groups receiving liver 
extract powder (cf. table a). 

It should be noted that in the two experiments with 1 per cent sulfathiazole the 
relative effectiveness of synthetic folic acid, the mixture of free acid and combined 
folic acid in a natural source such as liver extract, and conjugated folic acid, as 
contained almost entirely in yeast extract, was investigated. It seems certain that 
both free and conjugated folic acid are effective with sulfathiazole as well as with 
sulfasuxidine. Any increased value of liver extract over its folic acid content must 
be ascribed to other materials present. 
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In view of the striking effect of folic acid, liver extract powder, and dried yeast 
extract in preventing blood dyscrasias due to soluble sulfonamides as well as ir 
alleviating toxicity as manifested in growth and mortality and on the basis cf the 
reports of Lampen and Jones 19 - 20 that pteroyl glutamic acid was not antagonism 
in most cases to the antibacterial action of sulfadiazine, in vitro studies of ths 
supplements used in the animal experiments reported above were carried out, usim 
an enterococcus which on the medium used does not require any of the supplement 
for good growth. 




H. G. PETERING, R. A. DELOR AND H. C. MURRAY 


447 


concentration, and even at these high concentrations of supplements definite 
bacteriostasis due to the sulfonamide drugs occurs. 

Thus these data confirm those of Lampen and Jones and extend it to include 
such natural sources of folic acid as are quite devoid of ‘'effective'’ para-amino- 
benzoic acid.* 


Discussion 


The blood dyscrasias due to the soluble (or absorbable) sulfonamides have re- 
ceived very little attention from the experimental point of view, at least in com- 
parison with the attention given the insoluble sulfonamides. This is understand- 
able in view of the value of these latter drugs in producing clear-cut nutritional 
deficiencies in animals not otherwise susceptible to them, and in view of a rather 
simple explanation of the action of these insoluble intestinal bacteriostatic 
agents, namely, the interference with alimentary synthesis of vitamins by bacte- 
ria. However, the action of the soluble drugs and especially their toxic action is 
of the highest importance, since these are the ones most widely used in medicine. 

Although it has been shown 15 ' lc ' 17 that significant amounts of the soluble 
sulfonamides remain in the gut, especially on prolonged administration, to cause 
some bacteriostasis, the work of Light et al. 13 in rats seems to show that appreci- 
able if not adequate synthesis of folic acid occurs in rats fed 0.5 per cent sulfa- 
diazine or sulfanilamide in a purified diet. The same authors showed that this was 
not true for rats fed 0.5 per cent sulfaguanidine in a similar diet. The beneficial 
action of folic acid, liver extract, and dried yeast extract under our conditions 
may be due to the fact that the folic acid not synthesized in the gut is supplied in 
the diet, but some unpublished data seem to indicate that the soluble sulfonamides 
may actually raise the animals' requirement for folic acid. 

The action of para-aminobenzoic acid obviously is due to antagonism of the 
sulfonamide drugs. The fact that t mg. of PABAf daily, which was probably 
adequate for completely blocking sulfonamide action, was never as beneficial as 
the other supplements, regardless of the drug used, lends some credence to the 
assumption that folic acid may be required in larger than normal amounts for 
•ssue metabolism or for normal bone marrow integrity in the presence of soluble 
■lfonamide drugs. 

Our data tend to confirm the observations of Kornberg, Daft, and Sebrell 12 
" severity of the dyscrasias due to sulfathiazole and sulfadiazine is greater 
l ess ea sily prevented than that due to sulfanilamide. Mortality is also greater 
vith sulfathiazole than it is with the other drugs in the absence of nutritional 
'pplements. 


These workers showed that liver extract and brewers’ yeast had a favorable 
ft'Tt on the dyscrasias. Our work shows that the beneficial effects are almost 


It is not known whether the polypeptides containing PABA have an antagonistic action to sulfona- 

t It is estimated that z mg. of PABA daily maintained the ratio of PABA: sulfonamide in the animal’s 
0 at 1:50, which is much higher than the in vitro ratio required for inhibition of sulfonamide bacter- 
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entirely due to the addition of folic acid, either free or conjugated to the diets 
It ts interesting to note that no significant difference between free andean it J 
{ he acid (as dried yeast extract and in liver powder) could be found. There is join* 
indication in our data that liver extract powder is more beneficial prophvlacticallv 

gainst sulfadiazine and sulfathiazole than can be accounted for on the basis of its 
folic acid content. This effect is most noticeable with sulfathiazole in reducing 
mortality, in growth response, and in preventing leukopenia. 

The anemia tends co be hypochromic in the case of all the soluble sulfonamides 
under the conditions used, which is similar to that produced by Higgins’ 5 in rats 
fed promin and promizole. Higgins showed that on a diet similar to the one used 
here the effects of promin and promizole could be prevented and alleviated with 
vitamin B c . 

The value of para-aminobenzoic acid in the therapy is nil, since it is centra- 
ndicated during administration of sulfonamide drugs of any kind. This fact has 
Jed clinicians to be suspicious of all B vitamins as possibly interfering with sul- 
fonamide drug action. The work of Lampen and Jones 19, 50 and the data reported 
here on the difference between the in vitro action of para-aminobenzoic acid and 
sources of folic acid indicate that B vitamins may well he found to bc valuable 
during sulfonamide therapy. 

It seems that the quantities of folic acid even in the form of liver extract powder 
or dried yeast extract needed to prevent or lessen the adverse effects of soluble 
sulfonamides on the blood picture do not interfere with the bacteriostatic action 
of these drugs.* In fact, the recent reports of Wood et al.," <23,!1 which show the 
importance of blood phagocytes in supplementing the bacteriostatic action of 
sulfapyridine in experimental pneumonia, seem to permit the extrapolation that 
folic acid or liver extracts and adequate B vitamin supplementation may actually 
be beneficial in augmenting soluble sulfonamide bacteriostasis by keeping the em- 
ulating granulocyte concentration at a high level. (Para-aminobenzoic acid is no. 
considered to be an essential B vitamin for animals per se and hence is nor included 
in B vitamin requirement.) 

The work of Wood and co-workers has shown that in experimenal pneumonia 
sulfapyridine acts only bacteriostatically and that the bacterial invasion is over- 
come by normal surface phagocytosis. Furthermore, the maintenance of a hip 
concentration of leukocytes and granulocytes during soluble sulfonamide therap, 
seems to be desirable as a preventive measure against the possible bacteria ins as 
not readily combated with the sulfonamide being administered. 

Summary 

Sulfanilamide, sulfathiazole, and sulfadiazine have been fed at 
in highly purified diets and their effect on growth, moral t> , 

compared with that of sulfasuxidine. . .. r n<f » nroJuccJ bf 

The soluble drugs produce conditions which are simi ar * k jn thcCi 
sulfasuxidine. The growth depression is alleviated w hrg ^ ^ ^ 

* From the in vitro work shown in figures x and 3 « - = ~ ' 

tent of L. E. P. and D. Y. E. is less than ar/gm- 
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sulfanilamide and to a lesser extent for sulfathiazole and sulfadiazine by folic acid, 
liver extract powder, and dried yeast extract as well as by para-aminobcnzoic acid, 
The blood dyscrasias due to sulfanilamide, sulfathiazole, and sulfadiazine arc 
severe leukopenia, granulocytopenia, and mild-to-severe anemia. These are uni- 
formly prevented or the severity greatly curtailed by feeding folic acid, liver ex- 
tract powder, or dried yeast extract. PABA has a lesser effect in the amounts fed. 

Liver extract powder seems to have a beneficial effect on growth and mortality 
which is not shown by the other supplements. Both free and conjugated folic acid 
(as yeast extract and in liver extract powder ilzo) are active in combating the 
dyscrasias. 

Evidence from in vitro experiments with Str. haemolyticus (B Lancefield) in- 
dicates that neither folic acid, liver extract powder, nor dried yeast extract in ratios 
to sulfonamide which are effective in preventing the blood dyscrasias will inhibit 
or block the bacteriostatic action of the sulfonamide drugs in vitro. 

It is suggested that the action of folic acid, liver powder, and yeast extract is not 
wholly explained by alleviating a folic acid deficiency caused by intestinal bac- 
teriostasis due to the drugs, but by an increased demand of the animals for folic 
acid in the presence of certain sulfonamides. 

Acknowledgments 

We are indebted to Harold Buskirk, Alice Bergdahl, Hallie Ferguson, E. M. Stapcrt, F. La Plante, 
and Evon Saggio for valuable assistance in carrying out the experimental work reported here. 

REFERENCES 

1 Block, S., McKibbin, J., and Elvehjem, C. A.: The use of sulfaguanidine in nutrition experiments. 
Proc. Soc. Exper. Biol. & Med., 47: 308, 1941. 

5 Daft, F. S., Ashburn, L. L., Spicer, S. S., and Sebrell, W. H.: The occurrence of hyaline sclerosis 
calcification of blood vessels in rats on sulfaguanidine. U. S. Pub. Health Reports, 47: 117, 1941. 
Daft, F. S., and Sebrell, W. H. : The successful treatment of granulocytopenia and leukopenia in 
rats with crystalline folic acid. U. S. Pub. Health Reports, ;8: 154a, 1943. 

Ransone, B., and Elvehjem, C. A.: The value of biotin, folic acid concentrates, and liver extractin 
the diet of rats fed succinylsulfathiazole. J. Biol. Chem., iji: 109, 1943. 

Wright, L. D., and Welch, A. D.: Folic acid, biotin, and pantothenic acid deficiency and the liver 
storage of various vitamins in rats fed succinyl-sulfathiazole in highly purified ration. J. Nutrition, 
Z7-55, 1944- 

Gross, P., Axelrod, A. E., and Bosse, M. D.: Lesions in rats fed sulfaguanidine in purified diet; 

t * lc c ff* c cts of liver or "folic acid" concentrate-biotin therapies. Am. J. Med. Sci., 208: 641, 1942.. 
Daft, F. S., and Sebrell, W. H.: Sulfonamides and vitamin deficiencies. In-. Vitamins and Hor- 
mones. Vol. Ill, pp. 49-71, 1945. Edited by R. S. Harris and K. V. Thimann. New York: Academic 
Press, Inc., New York. 

Meinderg, H. B.: Agranulocytosis following sulfadiazine administration. J. Iowa State Med. Soc., 
s 63, 1944. 

Jones, E. I.: Hemolytic anemia due to sulfapyridine. Lancet, 244: 2-0 F, 1943. 

Park, R. G. : Pathogenesis of sulfonamide neutropenia. Lancet, 246: 401, 1944. 

Latov., A. R., and Welch, A. D. : Sulfamerizine HI. The comparative activity of sulfamerizine, 
su fadiazine, and sulfapyridine in the production of hemolytic anemia in the mouse. J. Pharmacol. & 
Exper. Ther., 81: 301, 1944. 

Kornberg, A., Daft, E. S., and Sebrell, \V. H. ; Production and treatment of granulocytopenia and 
anemia in rats fed sulfonamides in purified diets. Science, p8: 10, 1943. 



45 ° 


FOLIC ACID AND BLOOD DYscJUsi^jj 


13 L B mi V -’ CrACA 1 L J :; OLC0 f ' ” ' AND Frey - C N - ; &hari*B Of the symbiotic synthesis tf 

® complex factors hy sulfonamides. J. Nutrition, 24: 417, 

14 Hardy A V., Burns, W., and De Capito, T.; Studies of the acute diarrhea] diseases. V S fM 

Health Reports, jg: 689, 1943. 

15 Tudor, R. B. : The chemotherapy of infantile diarrhea: a comparison of sulfadiazine and suIhrmV 

zinc. J. Pediatrics, 22: 651, 1943. ' 

Js Najjar, V. A., and Barrett, R.-.The synthesis of B vitamins bv intestinal bacteria. In: Vitamins 
and Hormones. Voi. HI, p. 44. Edited by R. S. Harris, and K. V. Thimann. New Vork: Academic 
Press Inc., 1945. 

17 Ionc, P. H., and Bliss, E. A. : Clinical Use of Sulfanilamide and S ulfapyridine and Allied Compoucit. 

New York: The Macmillan Company, 1939, p. 53. 

18 Mau.ory, M. E., Mimms, J., Totter, J. R., and Day, P. L.: Effect of a concentrate of potential strepto- 

coccus lactis R-stimulating factor on growth and white blood cell counts of succinylsulfarhiajo.WeJ 
rats. J. Biol. Chem., //<?.- 317, 1944. 

Petering, H G., and Delor, R. A.: The inability of thymine to substitute for folic acid in the rat. 
Science, toy; 547, 1947. 

18 Higgins, G. M.: The relation of vitamin B to the toxicity of promin as tested by the self-selection 
method. A. J. Med. Sci., 147: 139, 1944: Proc. Staff Meetings, Mayo Oink: The ittfccce c! 
vitamin B c concentrate (folic acid) on experimental hypochromic anemia in the rat. ij: 319, 1944. 

20 Lampen, J, O., and Jones, M. J. : The antagonism of sulfonamides by pteroylglutamic acid and related 

compounds. J. Biol. Chem., 164: 485, 1946. 

51 Lampen, J. O., and Jones, M. J.: The antagonism of sulfonamide inhibition of certain lactobacilli 
and enterococci by pteroylglutamic acid and related compounds. J. Biol. Chem., r(6: 435, 1946- 

21 Wood, W. B. , Jr. , and Irons, E. N. : Studies on the mechanism of recovery in pneumococcal pneumonia. 

II. The effect of sulfonamide therapy upon the pulmonary lesion of experimental pneumonia. J. 
Exper. Med., S4: 365, 1946. 

23 Wood W. B„ Jr., McLeod, C., and Irons, E. N.: Studies on the mechanism of recovery in pneumococ- 
cal pneumonia. III. Factors influencing the phagocytosis of pneumococci in the lung during sulfona- 
mide therapy. J. Exper. Med. S4: 377, 1946. 

21 Wood, W. B., Jr., Smith, M. R., and Watson, B.: Studies on the mechanism of recover)- in pnmmo- 
coccal pneumonia. IV. The mechanism of phagocytosis in the absence of antibody. J. Exper. a r . ( 

23 SuaSz! R 6 ’m„ Welch, A. D., Heinlz, R. M„ Suarez, R. M., Jr., and Nelson E. 

of conjugated forms of folic add in t he treatment of tropical sprue. J- Lab. & Um. mm-. I ■ 

1946. 



HEMATOPOIESIS IN PANTOTHENIC ACID-DEFICIENT RATS 

By L. L. Ashburn, M.D., Floyd S. Daft, Ph.D., and R. R. Faulkner, M.D, 

G RANULOCYTOPENIA and anemia can be produced in experimental animals 
by a variety of methods. In this Institute these conditions have been pro- 
duced by the administration of sulfasuxidine (succinyl sulfathiazole)' or of thiourea 
plus thyroxin, 2 and by means of deficiencies of pantothenic acid, 3 riboflavin,'' 
or protein. 5, 6 In these studies diets of purified food materials have been employed. 
In experimental rats the diet of itself leads to granulocytopenia in only a very 
small percentage of animals. 7 In all of these experiments therapeutic studies in- 
dicated that a deficiency of folic acid had developed. This vitamin was shown to 
correct both the anemia and granulocytopenia of the animals receiving sulfa- 
suxidine,* 8 the granulocytopenia which developed in riboflavin-deficient animals 
and those given thiourea plus thyroxin, and cases of granulocytopenia which 
developed without anemia in pantothenic acid-deficient animals. 

In view of the fact that granulocytopenia and anemia could be produced by such 
a variety of regimens, it seemed that the bone marrow picture in certain of them 
should be studied in detail in order to determine their essential identity or to 
characterize their differences. The status of the hematopoietic tissue and its re- 
sponse to treatment in folic acid-deficient and riboflavin-deficient rats have been 
described by Endicott, Daft, and Ott 9 and Endicott, Kornberg, and Ott.'° The 
present report records similar data on granulocytopenia and anemia which de- 
veloped in rats fed a purified diet deficient in pantothenic acid. 

The conditions of the present experiment were essentially similar to those pre- 
viously described. 3 The analysis of the data, particularly with respect to the 
quantitative study of the bone marrow, follows that used by Endicott and as- 
sociates in folic acid and riboflavin deficiencies. 9, 10 

EXPERIMENTAL METHODS 

Albino rats of the Osborne and Mendel strain within a week after weaning 
were placed on a pantothenic acid-deficient diet which consisted of leached and 
alcohol-extracted casein, 18 per cent; crisco, 8 per cent; salt mixture no. 550 (1), 
4 per cent; dextrose (Merck U. S. P.), 65.8 per cent; FeS04-7H 2 0, 0.18 per cent; 
and CuS 0 4 - 5H2O, 0.02. per cent. Into each 100 Gm. of this diet were incorporated 
1 mg. of thiamine hydrochloride, 2. mg. of riboflavin, 1 mg. pyridoxine hydro- 
chloride, and 2.00 mg. of choline chloride. Each rat received a supplement twice 
weekly of 0.2.5 cc - °f corn oil containing 2., 000 units of vitamin A and loo units 
of vitamin D (natola). 

Eight rats from two or more litters were placed on the experiment at a time, 
usually each week. Within the week that rats were placed on the experiment. 

From the Pathology Laboratory and the Division of Physiology, National Institute of Health, U. S 
Public Health Service, Bethesda, Md. 

Rats given sulfasuxidine will be referred to hereafter as “folic acid” deficient. 
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the following determinations on the peripheral blood were made- hrmnnlnh- 
(oxyhemoglobin method-Evelyn photoelectric colorimeter), hem'atocri/oan 
«i), erythrocyte and leukocyte counts (in duplicate-Trenner pipets), differ- 
ennal leukocyte count (zoo cells), and reticulocyte count. 

The rats were observed daily and when Joss of weight, facial porphyrin stains 
general weakness, or pallor occurred, leukocyte and differential counts and hemaw' 
cm determinations were made. When these procedures indicated the presence of 
anemia or granulocytopenia, complete blood studies as indicated above were 
repeated and the rat was studied in one of the following groups:* 

(a) Ten rats were killed for the study of the hematopoietic tissue in severe granu- 
locytopenia. These rats had less than 150 polymorphonuclear leukocytes per cubic 
millimeter of blood and hematocrits above 30 volume per cent. The use of this 
hematocrit in selecting the rats for this group is arbitrary' and the value somewhat 
low This figure was chosen as a dividing point so that animals placed ingroups 
(c) and (d) (hematocrit below 30 volume per cent) would have unquestioned 
anemia. 

(b) For the purpose of evaluating the response to treatment of the hemato- 

poietic tissue in severe granulocytopenia, a group of 11 rats (polymorphonuclear;— 
150 or less per cu. mm., hematocrit above 30) were given daily oral doses of ico 
micrograms of syntheric pteroydglutamic acidf (folic acid) and 3 milligrams of 
pantothenic acid. Most received in addition 10 milligrams of niacinamide daily. 
Ten rats treated for 4 days and 7 rats for 8 days responded by showing a fisc in 
leukocytes in the blood to z,ooo or higher per cu. mm. Five rats did not respond 
to treatment in 4 or 8 days and are not considered in the analysis of the bone marrow 
response. Some rats died in less than 4 days and are not included in the 11 treated 
rats listed above. Complete blood determinations were made at the end of the 
treatment period. The rats were then killed for detailed study of the hemato- 
poietic tissue. In preliminary' analysis of treatment data, there was no endear 
difference in bone marrow response between those rats receiving folic acid an 
pantothenic acid and those treated with all three vitamins; hence they " CK 
combined for final analysis. . , . , 

(c) A third group of 15 rats with both granulocytopenia and anemia U X1 
morphonuciears below 150, hematocrit below 30) were studied for comp 

with group (a). . . - , m .. , 0 

(d) A fourth group of 7 rats with uncomplicated anemia (hematocrit 3 • 

polymorphonuclear leukocytes above 1,500 per cu. mm ;)™f rcsru IC * . j uc 0 f 
the status of the hematopoietic tissue in this dysetasia. The 
30, used in the selection of these rats, insured the inclusion of only 

with well developed anemia. ■ 0E studied. 

The response to treatment of the hematopoietic tissues ,n ancm ** £ ^ 

since at the time animals were being selected for treatment the ,mM 

* A numter of rats died during the experimental period vvithou. having developed mber^ 

topenia or anemia and were discarded. . T p, 3r j River, N. V. 

j Supplied through the courtesy of Ledcrlc Laboratory Inc., Pearl 
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complicated anemia was too low to permit the accumulation cf a large enough 
group to be of significance. 

Rats were killed with illuminating gas and autopsied immediately following 
the final blood determinations. Marrow smears were made from the left femur 
by the plasma or serum dilution technic. 11 Five hundred to i,cco cells were classi- 
fied following Giemsa staining. The cervical lymph nodes, thymus, and spleen were 
cleanly dissected and weighed while wet. These tissues as well as the heart, lung, 
liver, kidney, pancreas, adrenals, right femur, and a portion of the thoracic spinal 
column were fixed in buffered neutral 4 per cent aqueous solution of formaldehyde. 
Bone was decalcified in 5 per cent formic acid. Tissue was embedded in paraffin 
and duplicate sections were stained with hemalum azure eosinate and iron hema- 
toxylin picro fuchsin. Frozen sections of one adrenal of each rat were made and 
stained with oil red O. 

The bone marrow was studied quantitatively by the method described by Endi- 
cott et al. 10 In brief, this consists of preparing 5" x 7" photomicrographs of the 
marrow portion of the mid-shaft, distal metaphysis, and distal epiphysis of the 
femur and of the body of the vertebra at magnification of 2.50 diameters. The area 
of the marrow cavity and the area occupied by active marrow were determined by 
analyzing the photomicrographs through a ruled transparent overlay. The propor- 
tion of active marrow to available marrow space was determined for each photo- 
micrograph, and the average for the four areas obtained. This average was multi- 
plied by the percentage of each type cell in the marrotv smear to give an index of 
the total quantity of the various cells present in the marrow. 

RESULTS 

In the tables the hemograms, myelograms, and organ weights of the various 
groups are shown as averages and standard deviations. In keeping with one of 
the aims of the study, certain comparisons are made in the text of the findings in 
this study with those of the folic acid and riboflavin deficiencies reported by Endi- 
cott et al. 8 - ]0 

Bone Marrow in Granulocytopenia. The bone marrow in all granulocytopenic rats 
showed some degree of hypoplasia, the mean percentage of active marrow for the 
group being 53 .1 as compared to 82.-7 for controls (table 1).* As would be expected, 
the decrease in granulocytes was much more marked, the mean index of total 
granulocytes being 5.6 as compared to 43 for controls. This decrease in granulo- 
cytes took place largely at the expense of the more mature cells, segmented forms, 
and metamyelocytes. These dropped from a normal mean index of 2.8.5 to 2-6- 
The erythroid cells were not involved in the hypocellularity of the marrow. In 
fact the index for these cells showed a rise from a normal of 15.5 to 35.0. Because 
°f this increase in erythroid cells and the marked depletion of granulocytes, the 

mjeloid-erythroid ratio showed an extreme reversal, from a normal of 1.93 to 
o.z 3 . 

The data for control rats used here and in tables 1 and 2. are those given in the report of Endicott 
=t al., reference 10. 
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This increased number of erythroid cells of the marrow is in contrast to th: 
erythroid depletion found in folic acid deficiency granulocytopenia. With this 
exception the marrow pictures in the three deficiency states are essentially similar, 
both qualitatively and quantitatively. 

Effect of Treatment with Pantothenic Acid, Folic Acid, and Niacinamide on the Bn; 
Marrow of Granulocytopenic Rats. The detailed findings in these rats following 


Tablei. — Hemograms and Myelograms in Experimental Pantothenic Acid Deficient) Gramihytiper.hPxjmtei 
After Treatment {Means and Standard Deviations') 


Peripheral blood 

Hemoglobin (Gm./lOOcc.) 

Hematocrit 

Erythrocytes/cu. mm. in millions, 

Leukocytes/cu. mm 

Neuttophils/cu. mm 

Eosinophils/cu. mm 


Lympbocytes/cu. mm 

Nucleated erythrocytes/cu. mm. 


Reticulocytes, % 

Active cellular marrow, %. 


22 normal 
adult rats 


Mean S.D, 


|15.6 

14,750! 
3, ISO 
210 


3.9 

s.nol 

l,970j 

171 


|W,«0l 1,3321 
1 had 10, 
others 0 


182.7 


Index ol total quantity in marrow* 
Neutrophilic segmented forms & 

metamyelocytes (index) 

Neutrophilic myelocytes & pre- 
myelocytes (index) 

Eosinophilic granulocytes of ail 

types (index) 

Total myeloid cells (index) 

Erythroid cells of all types (in- 
dex) 

Myeloid/erytbroid ratio 

Blast cells of all types (index) • 
Lymphocytes of all types (in- 
dex) 

Miscellaneous cells (index)t 


|28.5 

7.6 

6.9 

|43.0 

[23.5 

1.93 

1.57 


11.0 

1.65 


9.12 


6.0 

2.2 

1.6 

10.5 

7.3 

0.93 

0.51 

3.5 
0.95 


10 granu- 
locytopenic 
rats (pmns. 
below 150, 
hematocrit 
above 30) 

Mean 

S.D. 

n.i 

2.4 

35.5 

3.4 

5.302 

1.603 

2,226 

1,250 

64 

59 

1 had 132, 

others 0 

1,995 

1,175 

70S 

21,215 

1.8 

6.0 

53.1 

20.7 

2.6 

5.1 

2.5 

5.2 

0.5 

0.4 

5.6 

9.8 

35.0 

19.6 

0.23 

0.38 

0.3 

0.3 

7.7 

4.9 

4.5 

4.2 


Granulocytopenic rats treated with folic acid, 
pantothenic acid and niacinamide 


10 rats treated -Tdays 


Before 

After 

Before 

After 

treatment 

treatment 

treatment 

treatment 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 


1.1 

11.7 

1.6 

12.6 

1.6 

13.3 

2.3 

43.1 

2.5 

39.9 

2.6 

39.2 

4.3 

12.9 

3.S 

7.887 

1.911 

6.717 

0.837 

8.006 

1.0S2 

6.361 

uc: 

4,044 

2,519 

15 , 32 $ 

7 ,826 

2, Ml 

1,321 

22,37 2 

18,432 

308 

50 

6, 59S 

5,934 

86 

27 

13,763 

13,^ 

S 

15 

100 

12S 

1 

6 

1« 

n 

3,928 

2.53S 

8,630 

4,056 

2,511 

i,m 

!,M 


199 

9S0 

1,548 

3,1W 

4iS 

5S5 

?1 

214 

1.4 

1.4 

6.8 

6.4 

2.3 

1.1 

11.7 

9.8 



8S.6 

6.1 



S7.1 

4.4 



43.1 

12.1 



41.6 

14 S 



8.1 

2.9 



8.9 

3.1 



1.6 

52 .8 

0.8 



4.1 

2.7 



13.5 



51.6 

IM 



26.9 

11.2 



21.9 

12 3 
2.65 



2.56 

1.78 



a. ii 

, t 

0.7 



1.1 

0.4 



J.J 




5.4 

2.4 

2.6 

1.4 



8.1 

3.2 

3.9 

0.3 


i rats treated 8 diji 


treatment are shown in table >. The animals incluJ ""“ $ “s dip)” 
responded by showing at the end of the wear e F f ^ ^ „( lh: 
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tivc activity of the granulocytes. The total granulocyte index rose to 5Z.8. The 
index for neutrophilic segmented forms and metamyelocytes rose to 43.1, which is 
considerably above the normal of Z8.5. The eosinophil index did not approach 
normal following 4 days of treatment. The index of marrow erythroid cells after 
treatment was Z6.9, a figure distinctly below that of the untreated animals but 
approximately the same as that found in the control rats. The cause of this apparent 
erythroid depletion is not evident, but it may be due to a crowding out of these 
cells. The observed drop in red cell count during treatment is in line with the 
decrease in marrow erythroid index. This drop in erythroid index and the marked 
granulocyte hyperplasia resulted in a high myeloid-erythroid ratio, namely z.56. 
After 8 days of treatment the marrow showed very little further change except 
in cells of the erythroid series. The index for these cells dropped to zi.9, giving 
a myeloid-erythroid ratio of 3.71. 

The marrow response in treated pantothenic acid deficiency granulocytopenia 
is in most respects similar to that occurring in folic acid deficiency. The only 
observed difference was the return of the myelocyte-premyelocyte index to normal 
following treatment for four days in pantothenic acid deficiency, whereas in folic 
acid deficiency it rose to about three times normal. From this it is evident that in 
the regenerative phase of the former deficiency, proliferation and maturation of 
granulocytes took place at a similar rate, while in the latter there is relative or 
actual retardation of maturation. 

The marrow response in treated riboflavin deficiency is similar qualitatively to 
that of pantothenic deficiency but of less magnitude. 

Bone Marrow in Combined Granulocytopenia and Anemia. The bone marrow in the 
rats of this group showed marked atrophy. Congestion and edema of variable de- 
gree were seen in most animals. The stroma was loose in texture and showed few 
or no adult fat cells. These changes were similar to those in the granulocytopenic 
group but were more severe. The percentage of active marrow was reduced to 31.7. 
The granulocytes showed extreme depletion, the mean index being 0.6. The ery- 
throid index was reduced to 19.8 from a normal of 2.5.5. This drop is similar in 
magnitude to that occurring in folic acid deficiency, but contrasts with the ery- 
throid hyperplasia which occurs in the granulocytopenic and anemic rats fed a 
diet deficient in riboflavin. The marrow granulocyte picture was essentially similar 
m all three deficiencies, but the granulocyte depletion was somewhat more marked 
in the pantothenic acid deficiency. 

Bone Marrow in Anemia. The rats placed in this group showed a well developed 
anemia (mean hematocrit below 30), but no evidence of granulocytopenia 
(granulocytes above 1,500 per cu. mm. of blood). In spite of this, the most striking 
c ange in the marrow was the depletion of granulocytes. The index of total 
granulocytes dropped to 2.8.8. The granulocyte depletion occurred largely in the 
segmented forms and metamyelocyte group. 

^The mean erythroid index of z8.i did not differ significantly from the normal 
2.5.5, There was considerable variation in erythroid indices for the individual 

ats. However, there was no consistent correlation between index and degree of 
anemia. As pointed out by Endicott 9 for the anemia of folic acid deficiency, here 
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too factors in addition to the quantity of marrow erythroid tissue must pjay a 
prominent part in the production of anemia. 

Lymph Nodes. The cervical nodes were similar in all rats of the granulocytopenic, 
the anemic, and the granulocytopenic and anemic groups. Lymphoid atrophy of 
variable degree occurred and involved both medulla and cortex, particular!!- the 


Table i. — Hemograms and Myelograms in Experimental Pantothenic Acid Deficiency Anemia, and 
Granulocytopenia and Anemia ( Means and Standard Dictations ) 


Peripheral blood 

Hemoglobin (Gm./ioo cc.) 

Hematocrit 

Erythrocytes/cu. mm. in millions 

Leuckocytcs/cu. mm 

Ncutrophils/cu. mm 

Eosinophils/cu. mm 

Lymphocytes/cu. mm 

Nucleated erythrocytes/cu. mm 

Reticulocytes, % 

Active cellular marrow, % 

Index of tocal quantity in marrow* 

Neutrophilic segmented forms & meta- 
myelocytes (index) 

Neutrophilic myelocytes & premyclocytes 

(index) 

Eosinophilic granulocytes of all types (in- 
dex) 

Total myeloid cells (index) 

Erythroid cells of all types (index) 

Myeloid-erythroid ratio 

Blast cells of all types (index) 

Lymphocytes of all types (index) 

Miscellaneous cellsf (index) 


22 normal 
adult rats 

15 granulocytopenic 
and anemic rats, 
(pmns. below 

150 . hematocrit 
below 30 ) 

( , 

7 anemic rats 
(pmnj. alme 
1500 , bematouit 
below 30 ) 

Mean 

S.D. 

Mean 

S.D. 

Mean 

1 S.D. 



4.8 

1.4 

6.0 

i.n 

45.6 

3-9 

* 7-5 

7 -t 

2.0.9 

6.6 



1.565 

1.114 

3-388 

1.4m 

14.75° 

5,110 

1,009 

701 

3.95 1 

879 

3,180 

1,97° 

31.0 

41.3 

1,656 

173 

140 

37I I 

1 i 

6 

45 

6 ? 

10,840 

4 . 33 1 ! 

977 

703 

1,136 

709 

1 had 

4 °. 

709 

5 > 3°9 

8.397 

5 ,Sfo 

others 0 







3.6 

3 -t 

3-4 

3 -° 

81.7 

9.H 

P -7 

I 

10.1 

77 -o 

13-4 

l8. 5 

6.0 

0.1 

°-3 

17.8 

J.O 

7.6 

l.L 

O.I 

0.1 

9 -° 

7-4 

S.9 

4.6 

0.3 

0.8 

1.0 

1.6 

43.0 

15.5 

10.5 

7-3 

0.6 
19. 8 

1. 1 

15.0 

18.8 

18.1 

M -5 

13.S 

i -93 

0.93 

0.06 

0.09 

1.30 

c -9 

i -57 

11. 0 

1.65 

0.51 

3-5 

0.95 

O.I 

6.7 

4-5 

0.17 

6.7 

3-7 

1 ■ i 

I o.l 
8.6 ; 

7.6 

i.o 


* See text for method of determining index. „ 0 .- arV nrvtcS and unidentified cells art 

t Sri culo-endothelial cells, plasma cells, mast cells, megakar) oc 5 cts, 

deluded. ^ 

atter. The most striking alteration m rheS ! J^reetf the many nodes from 

(C nce of follicles. These structures were seen in o } h^ FocaJ ,n flans- 

-he 31 animals, and in these the follicles wer s from the three 

£& - - * 


lation was — - -- , 

roups is shown in table 3. Althoug 
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node weights of different animals, the means for the three groups are not signifi- 
cantly different. 

Following treatment for 4 days, there was marked response Lymph node 
weights rose to 151 mg. as compared to 106 mg. for the untreated granulocyto- 
penic rats. The histologic change was even more striking. The cells of the pulp 
were more compactly disposed, larger, and sometimes seen in mitosis. Many large 
active follicles were present in the nodes from more than half of the animals. 
After 8 days of treatment the mean weight of nodes had risen to 345 mg. How’ever, 
more of these nodes showed small inflammatory foci and occasionally a large 
abscess was present. Histologic examination showed more evidence of lymphoid 
hyperplasia. Numerous large active follicles were present in the nodes of all rats. 
In the nodes from 1 rat treated for 4 days and from 2. rats treated for 8 days, there 
were few to many patchy areas of myelosis. These foci varied in size and in con- 
centration of the granulocytes. In some the cells were mature but in most areas 
younger cells, including many myelocytes, predominated. 


Table 3. — Weight of Thymus, Spleen, and Lymph Nudes in Mg. ( Means and Standard Deviations) 



Granulocytopenic 
rats (pmns. below 
150, hematocrit 
above 30) 

Granulocytopenic 

and anemic rats 

(pmns. below 150, 

hematocrit below 

30) 

Anemic rats 
(pmns. above 

1500 hematocrit 

below 30) 

Treated granulocytopenic rats 


after 4 days 
treatment 

after 8 days 
treatment 


Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Mean 

S.D. 

Submaxillary and pos- 
terior cervical lymph 
nodes 

106 

78 

104 

60 

90 

44 

252- 

56 

345 

2-32 

Thymus 

47 


45 

2-5 

46 

2-7 

95 

2-5 

166 

IOI 

Spleen 

4i4 

164 

506 

2-5 1 

712. 

2.17 

737 

161 

i>339 

583 


Thymus. On gross examination of rats of the granulocytopenic and the granulo- 
cytopenic and anemic groups, the thymus appeared reduced in size and consistency. 
The mean weights for the several treated and untreated groups are shown in 
table 3. On histologic examination extreme lymphoid atrophy was evident, and 
only very few lymphocytes could be found. The gland was made up of compactly 
disposed, large reticulum cells. Their cytoplasm was ample and usually deeply 
oxyphilic. Though comparable in weight to those of the other two groups, the 
thymus in the anemic rats showed less lymphoid atrophy. Although some showed 
atrophy of entire lobules, generally the lymphoid atrophy was patchy and in- 
complete. 

Following 4 and 8 days of treatment, the mean, weights of the glands were 95 
an 166 mg., respectively, as compared to 47 mg. for the thymus of untreated 
rats. This increase in weight only partially reflects the lymphoid hyperplasia 
evi ent on histologic examination, for lymphocytes had increased from almost 
zero m untreated rats to normal concentration in most rats in 4 days and in all 
rats after 8 days treatment. The lymphoid cells generally were larger than normal, 
t tcir nuclei were less compact, and in a number of glands mitotic activity was 
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evident; Whether or not the lymphoid response is directly related to thesrerifir 
treatment given cannot be determined from this experiment It is possib c t m 

3“ « «««=! f°oj ,« p l w hith «cSti s :* 

The mean weights of the spleen for the various groups of rats are shown 
m table 3. Histologically, in the spleen of untreated rats there was evident re- 
duction in activity of lymphoid follicles. The cells of these structures generally 
were small and mature; also the normal collars of large cells were absent or thin. 
Tile pulp was very cellular in almost all spleens and comprised largely erythroid 
and myeloid cells of variable maturity. Hematopoiesis in this organ was considered 
to be moderate or marked in z6 of the 31 rats. It was of slight degree in 4 rats and 
miniftial in z. This degree of hematopoietic activity is greater than that seen in 
control rats of comparable age. 

This persistence of hematopoiesis in the spleen in the presence of marked marrow 
depletion is in sharp contrast to the finding in the granulocytopenic and the granu- 
locytopenic and anemic rats in folic acid and riboflavin deficiencies. In these 


Table 4. — Megakaryocytes in the fp/egn and Bone Marrow 


1 

Groups 

1 

Number 0! rats 

Megakaryocytes in 100 
microscopic fields 

Myeloid index 
of marrow 

1 

Erythroid index 
of marrow 

Spleen | 

Bone 
marrow , 

Control rats 

8 

70 

165 

4J.0 


Anemic 

7 

45 

56 

18.8 

18.1 

Granulocytopenic 

i 1° 

i *5 

2-3 

5.6 

35.0 

Granulocytopenic and anemic. . . . 

! 15 

3 

8 

0.6 

ij.S 

Treated (4 days) granulocyto- 1 
penic 

IO 

l 

^ 74 

! n.8 

5 i.8 

afi.y 


% 

deficiencies, the spleen usually showed no hematopoietic activity; when present 

it was of minimal degree. . 

Treatment for 4 and 8 days resulted in progressive enlargement of the spleen. 
Histologically, there was some increase in the amount of splenic hemat °P°' ct ' 
tissue. In all animals the degree of activity was considered as marked, ly pi » 
follicles showed evidence of activity. Germinal centers were comma y 

ZL of Lb*** tissue in the spleen of ms --—"E 
it seemed evident on histologic examination that megak ry > o{ hry(y 
number. To determine the validity of this impression, the th id- 

cytes found in many microscopic fields (field diameter 0 a 3 g jimiJar 
ness 5-7/a) was totaled and recorded in terms of rats treated 

examination of the spleens of 8 controls ms and 10 ^ hc 

for 4 days was made for comparison, eg findings is shown in table 4 

sectioned femoral bone marrow. A comparison of B 
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It is evident that as the myeloid index of the marrow decreases, there is a cor- 
responding decrease in the megakaryocyte count of the marrow and spleen. As the 
marrow myeloid index reaches normal after treatment, the megakaryocytes reach 
or approach normal also. From this it seems clear that the factors controlling 
megakaryocyte production are closely related to those affecting the myeloid cells 
of the marrow and, conversely, that they do not appear related to the factors 
influencing erythrocyte production. 

, Purpura. Slightly more than 2.5 per cent of the rats in the granulocytopenic and 
the granulocytopenic and anemic groups showed intracutaneous hemorrhage. On 
reflecting the abdominal skin at autopsy these purpuric foci were seen irregularly 
.scattered through the dermis. The foci •were small, usually less than 1 mm. in 
diameter, and had sharply defined borders. Occasionally color changes in the 
cervical.lymph nodes suggested hemorrhage, and this was confirmed histologically 
in 1 rat. In addition a moderate amount of blood was seen in the lymph node 
sinuses of 10 animals. Blood in lymph node sinuses occurred more frequently in 
the granulocytopenic and anemic rats than in granulocytopenic animals. In this 
connection it is of interest to note that megakaryocytes in the spleen and bone 
marrow were greatly reduced in combined anemia and granulocytopenia. In the 
animals with granulocytopenia alone, megakaryocytes was much less reduced. 
Neither purpura nor blood in lymph node sinuses was seen in the 7 rats of the 
anemic group. These rats showed the least reduction in megakaryocytes. 

In addition to the rats noted above, purpura was seen in 2. rats that responded to 
treatment and in z that did not respond in 4 days. It was also seen occasionally in 
animals that died while on experiment. 

Adrenal Glands. The great majority of adrenal glands from rats of the three 
untreated groups showed moderate to marked lipoid depletion (z8 of 32. rats). 
In the other 4 there was slight or no depletion. Hemorrhage and necrosis were 
seen in the adrenals of only 8 rats. The pattern of lipoid depletion and the hemor- 
rhage and necrosis have been fully characterized previously. 12 After 4 days of 
treatment, the lipoid content of the adrenals of 7 rats was normal, slightly re- 
duced in x, and moderately in 1. After 8 days of treatment, the adrenal lipoid 
content of all rats was within normal range. In both groups a few rats showed some 
variation from the normal distribution pattern. 

Granulocytopenic Rats That Did Not Respond to Treatment. In this group are in- 
cluded 5 rats which did not show a significant rise in circulating polymorphonu- 
clear leukocytes at the end of the 4 day treatment period. In 3 rats the thymus 
and lymph nodes were atrophic. Follicles were not present in the nodes, and the 
thymus was formed of compactly arranged large reticulum cells and was almost 
devoid of lymphocytes. 

The bone marrow was quite atrophic. Although detailed analysis was not made, 

e degree of atrophy was considered to be at least as great as that seen in the 
untreated granulocytopenic rats. 

Although the mean weight of the spleens of the “no response” rats was some- 
' mt greater than that of the untreated group, histologically there was no evidence 
0 stlrnu lation of the hematopoietic or lymphoid tissue. 



460 


HEMATOPOIESIS IN PANTOTHENIC ACID-DEFICIENT RATS 


th?t “nn • 1 ren C0rtex Was sli S ht] P g feater on ^ average in 

h J e <T P ° nSe - ratS than iD the umreated granulocytopenic rats. Hmvfvcr 
since this difference is not great and the series of rats is small, it cannot be deter- 
mined whether this difference is significant. 


COMMENT 

When it was decided to compare in this laboratory the hematopoietic tissue of 
rats in which granulocytopenia and anemia were produced by three different 
dietary regimens folic acid, riboflavin, and pantothenic acid deficiencies— it 
was assumed that these dyscrasias resulted directly from the deficiencies of the 
three specific vitamins. However, shortly after the experiments were initiated, 
treatment data from the studies of Daft et ai. 3 and Kornberg et aid indicated that .1 
deficiency of folic acid was involved in all three of the granulocytopenias. In view 
of this relationship, from a standpoint of causation, it is not surprising that the 
changes in the bone marrow with respect to the granulocytes followed a similar 
pattern in the three different dietary regimens. The bone marrow was hypoccllular 
and granulocytes were markedly depleted, particularly the more mature forms. 
In folic acid and riboflavin deficiencies, Endicott et al. 5 > 10 did not find any evidence 
to suggest that in developing or fully developed granulocytopenia there occurred 
any stage in which there was an increase in marrow granulocytes. The same was 
true in the present study. This point is made in view of the fact that certain human 
cases of granulocytopenia are described as showing maturation arrest with hyper- 
plasia of the stem cells. 13 

The status of the marrow erythropoietic tissue in granulocytopenia and in 
combined granulocytopenia and anemia in the three dietary regimens differs. 
The accompanying tabulation shows this variation. 


Folic acid deficiency 
Riboflavin deficiency 
Pantothenic acid deficiency 


Marrow crythroid cell? . 

in > 

granulocytopenia granulocytopenia and anemia 

depleted approx . normal 

approx, normal increased 

increased depleted 


It would not seem that this variation should occur if the anemia in ail * crc ™ 
expression of induced folic acid deficiency. That induced folic 
not responsible for the anemia occurring in riboflavin and pantot 
fidencies is indicated by the treatment data from experiments reported by horn 

T - firs 

in these deficiencies cannot be definitely related to the jn 3 jl three of 

of the fact that this atrophy occurs in inanition, a con . n 

the deficiencies. Further work will be ^ In the present 

Extramedullary myelosis involving ^P]* both a great physiolojT 

study it was observed in 3 of 17 treated rats. This sugg K granulocyte 

c ? l need and an intense stimulating action of the vitamin therapy 

production. 
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As pointed out by Daft et al., 3 there are similarities between the marrow atrophy 
seen in this study and the panmyelophthisis of rats described by Gyorgy and Gold- 
Man. 14 It appears that they found a somewhat greater degree of general marrow 
atrophy than was observed in the present study. In fact the term “panmyeloph- 
thisis” could not be applied to our group of granulocytopenic rats. In this group, 
the marrow granulocytes are markedly reduced but erythroid cells were present 
in greater than normal numbers. A reduced platelet count was a feature of the 
panmyelophthisis of Gyorgy and Goldblatt. In the present study platelet counts 
were not made. However, the greatly reduced number of marrow and splenic 
megakaryocytes suggests the probability of a reduced number of circulating plate- 
lets. 


SUMMARY 

Rats fed a purified diet low in pantothenic acid developed granulocytopenia 
and anemia singly or in combination. In the former, the marrow showed marked 
depletion of granulocytes, particularly of the more mature cells, and a slight in- 
crease in erythroid cells. In combined granulocytopenia and anemia the granulo- 
cytes of the marrow were still further reduced and the erythroid cells were also 
depleted. Marked reduction in the number of megakaryocytes occurred both in 
the granulocytopenic and in the granulocytopenic and anemic rats. Purpura was 
noted grossly in about 15 per cent of the rats of both groups. In anemia without 
accompanying granulocytopenia the marrow granulocytes showed slight to 
moderate depletion, whereas the erythroid index (mean) was not significantly 
lowered. Megakaryocytes were moderately reduced. 

Lymphoid tissue — spleen, thymus, and cervical nodes — showed atrophy of 
variable degree, most marked in the thymus. 

Adrenal glands showed marked depletion of cortical lipoids and rarely hemor- 
rhage and necrosis. 

Following treatment with combined folic acid, pantothenic acid, and niacina- 
mide, granulocytopenic rats responded by showing a prompt rise in lymphocyte 
and polymorphonuclear leukocyte count, marked granulocyte response of the 
bone marrow, increased splenic hematopoiesis, lymphoid hyperplasia, and in- 
creased lipoid content of the adrenal glands. 
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THE USE OF PHOTO-ELECTRIC TURBIDOMETRY IN 
THE DETERMINATION OF RED CELL COUNTS, 
HEMATOCRITS, AND HEMOGLOBIN 

By J. H. Whitlock, Ph.D. 

R ECENT medical literature contains several reports of the use of photo-electric 
- turbidometers in the determination of blood counts and hematocrits. Al- 
though many accounts praise the accuracy and rapidity of the method, most of 
them have described paradoxical phenomena which have made technicians slow 
to adopt the technic as routine. 

However, the paper by Richardson (1943) in which he summarizes the literature 
and makes his own contribution in the physics of turbidometry helps resolve many 
of these paradoxes. In essence the accepted views are to the effect that when a beam 
of light is passed through a turbid solution some of the light is absorbed and some 
is scattered by the particles in suspension. The net effect is that the extinction of 
light is proportional to the total projected area of the particles in suspension if 
there are not so many of them as to cause overlapping of their shadows. 

Since agitation of properly prepared suspensions of blood in saline produces no 
fluctuation of the galvanometer of a photo-electric device, it seems obvious that 
the total projected area is a constant for any one suspension. If we could divide the 
total shadow by the number of cells interfering with the light, we could find an 
average shadow. Such a statistic would reflect both the size and shape of the red 
cell in suspension. It should be related to the form factor which is so difficult to 
determine in conductivity measurements of cell volume (Ponder, 1944). 

Determination of the average shadow for various normal and abnormal bloods 
seemed to be an excellent way of predicting the reactions of the turbidometer to 
such suspensions. Accurate scale models of blood cells were made from measure- 
ments given by Ponder (1934) for sheep, rabbit, and human blood and by Haden 
(194°) for various abnormal human bloods. These were placed in a special holding 
device and projected by sunlight on to paper of uniform thickness. Each model was 
then oriented through 90° of obstruction of the light between maximum and mini- 
mum obstruction and a tracing made of the shadow at each io° interval. Due pre- 
caution was taken to keep the drawing surface perpendicular to the light source 
and parallel to the axis of rotation of the model. Each shadow tracing was then 
weighed and multiplied by the cosine of the angle of the model with the light. 
The sums of such products for each model were divided by the sum of the cosine 
values. The value thus resulting was in turn divided by the weight-area value for 
1 c paper to give the average shadow for the model. The use of the cosine weighting 
evice was necessitated by the fact that all the angles of obstruction of the light 
"ere not in fact equally probable. It is rather remarkable that the figures obtained 
ajcr such extended calculation agree closely with those obtained by assuming that 
c average shadow was an ellipse whose major axis was the diameter of the cell 
a n whose minor axis was the average of the thickness and the diameter. 

Department ol Veterinary Parasitology, N. Y. State Veterinary College, Cornell University, Itbaea, N. Y. 
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Figure i illustrates the relationship between the average shadow and cell volume 
from the data given by Ponder (1934) and Haden (1940). 

Note that with the data given by Ponder the shadow volume relationship seems 
to fall along a straight line indicating that for some species at least it is a constant. 
Note also that for the abnormal bloods a characteristic deviation from the normal 
constant is observed. The disparity between the normals given by Ponder and 
Haden is due to the fact that the latter author based his measurements on dried 
smears while the former used saline or plasma suspensions. This figure explains 
why Shohl (1940) found that with microcytic anemia the turbidometer overesti- 
mated the cell volume while with pernicious anemia the turbidometer undercsti- 



Method . 

For our work we have ^ 

automatic pipetr.ng dev.ee, Sail. p.pers 
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automatic pipetting device discharged 5 cc. of the Ringer's solution* into thcKlett- 
Summerson tubes. Twenty cu. mm. of heparinized blood were added and the whole 
shaken in an eccentric shaking device for 10 or 15 minutes. For calibration of the 
turbidometer readings, counts of the cells in suspension were made using the same 
hemocytometer chamber throughout. Since it was statistically desirable to count 
as many squares as possible, eighteen squares from each blood sample were photo- 
graphed with a Leica camera and photomicrographic attachment. These were later 
projected with a Novex projector and counted. Nine squares were photographed 
in each chamber. In some of the later experiments duplicate samples with 5 and 
xo cc. of diluent were made. In these only nine fields from one chamber were re- 
corded for each dilution. For calibration against hematocrits, horse and sheep 
samples were run in Wintrobe tubes for two hours at from 3500 toqooorpm. Pack- 
ing seemed to be complete at this time and speed. Cow samples did not pack even 
after six and one-half hours. 

In preliminary experiments, duplicate samples of hemolyzed and nonhemolyzed 
blood were run with the green, the red, and blue filters supplied with the machine. 
As was to be expected, readings! were highest with the blue filter, but the hemo- 
lyzed blood was as high or higher than the nonhemolyzed. With the green filter 
(the proper one for spectrophotelometric determination of hemoglobin) the turbid- 
ityreading was higher than the hemolyzed sample. The difference between the two 
was of the same order of magnitude as the red filter turbidity reading. Hemolyzed 
blood (oxyhemoglobin) did not deflect the galvanometer at all with the red filter. 
It seemed probable therefore that the red filter turbidity reading was due chiefly to 
the scattering effect, and the extinction of light due to the absorption by hemo- 
globin was essentially nullified when it was used. 


Results 

Figure z illustrates the results obtained from 46 parallel determinations of red 
ce counts and red filter turbidity readings using anemic and normal sheep blood. 

e standard errors of the counts ran from z to 4 cells. It is obvious that this is in- 
a equate to account for all the deviation from the regression. In part of the data 
8 l re , the turbidity readings and counts were made with 5 and 10 cc. of diluent. 

e was a marked tendency for counts from the same individual to fall in the 
me zone with respect to the regression line. This would indicate that a consider- 
ind' ?*,°P° rC * on r ^ e spread is due to variations in cell volume between different 
alon V1 ' U p S " * n , 0t ^ er wor ds> the accuracy of the technic using the turbidometer 
technic ^ t ^ le var t at ion in cell volume and by the accuracy of the pipetting 

turbidi ^ illustrates 56 parallel determinations of hematocrit and red filter 

hemato^ WUil ^° 0 ^ - P ract ical way presented itself of determining the 
crit error. Deviations from the line are due to three factors: pipetting error, 

solutio™rlomm f .n t !f^ n S ° lu , tion: NaC1 °- 9 %. KC 1 °.o 4 z%, CaCl 0.024%. NaHCCh 0.01%. Gower's 
1 Since the dial of h WOrkers ’ causcs marked hemolysis of sheep erythrocytes, 

readings in this n n r Kktt ' Suram f s ° n machine is calibrated io logarithmic units, all references to 
to be transformed ,1 K " l ° SUch umts - With most photo-electric devices, the dial readings will have 
stormed to loganthms in order to confirm the reported data. 



PHOTO-ELECTRIC TURBIDOMETKT 


10 20 BO 40 50 60 70 80 90 100 110 120 130 140 150 160 ,70 ISO 190 200 2'0 220 
Fig. i. Relation Between Turbidometric Reading and Counts 
Abcissa: N/fii.joo-count 
Ordinate- turbidometer reading 
0 = Mean 


40 60 80 ,00.20 ,40 ,60 ,80 200220 240260 
3. Relation Between Turbidometric Reading a 
Abcissa: voi. in cc. per thousand 
Ordinare: turbidomciric reading 
0 = Mean 





J. H. WHITLOCK 


467 


hematocrit error, and shifts in the volume shadow relationship. If we equate the 
regressions in figures 2. and 3, the average cell volume for these sheep can be calcu- 
lated. It equals 18.1 cu. pi. 

In 44 determinations of the relationship between the hematocrits and red filter 
turbidity readings of anemic and normal horse blood, a distribution similar to figure 
3 was obtained. The regression coefficient* for the horse blood was 2.. 5 5 7 and for 
the sheep blood was 2.554, which offers some substantiation for the belief that with 
some mammals the cell shadow/ volume relationship is a constant. With 10 samples 
of cow blood the regression coefficient was 2-903. Whether this was due to our 
inability to get the cells to pack properly or to some fundamental difference in the 
shape of the bovine blood cells could noc be determined. 

The possibility that turbidometry with a green filter could measure hemoglobin 
was first explored by Drabkin and Singer (1939), who concluded that with cell 
suspensions the total extinction of light was not simply equivalent to the loga- 
rithm of the extinction of light due to absorption by hemoglobin plus the loga- 
rithm of the extinction of light due to the scattering effect. However, this 
conclusion does not seem of too great practical importance. The important problem 
to be solved is: are the values obtained by the difference between the green filter 
and red filter turbidometry on a single sample intimately related to the hemoglobin 
concentration of that sample? 

Drabkin and Singer ( op . cit.') indicate that the absorption of light by hemoglobin 
is nullified at 630 l x. If we consider that their readings at this point represent the 
extinction due to the scattering effect of the red cells and subtract these values from 
va ues obtained on the same suspensions at 540/1, the differences are related linearly 
an c osely to the hemoglobin values given by the same authors. 

n our present work we have accumulated 56 determinations of red and green 
h Cr U reac ^ n 8 s an d parallel acid hematin determinations on sheep and 

rse ood. In these data the acid hematin readings were equal to the green filter 
dev - * ° mec ” c reac ^ n S s m i nus the red filter turbidometric readings with a standard 
Iatlon 9' 1 points. That the agreement was so close to the acid hematin read- 
chin ^ UC t0 some Peculiarity of the machine. With other types of ma- 

(wlfi h 6 rC at ^ 0ns ^P * s probably with some other function of the oxyhemoglobin 
is by C S fr mS t0 t ^ le pigtuent measured by turbidometry). However, this fact 

tration A n0t P ro °^ that the difference is really a measure of hemoglobin concen- 
filter on h^ 01 ^ iu^ividual deviations from the regression of the red 

hematin 1 ^ C ,^ reen ^ ter rea dings and of the regression of the red filter on the acid 
the minus^' * n ^ S ' vere determined. These were then coded by addition to eliminate 
hemodob S1 ^ n l , t ^ C difference between red and green filter reading measured the 
sample o/the'r 4 t i viation s h° u ld correspond with the deviation on the same 
then calcula C T i rea d in S s on the acid hematin. A regression equation was 
results m ^ t0 eterm i ne if the deviations were independent. Submitting the 
S t0 an alysis of variance we find : 

Theoretical regression coefficients = mean hematocrit 

mean galvinometcr reading 
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Source of variation 

Total 

Degrees of 
freedom 

Sum of 
sett’s 

l!r:% 

Regression 


nfSy 


Deviation from regression 


f-35 

S4S=- 

f-3S* 

ICJ 


* F — (Snedecor, 15^0). 


Obviously then, the difference between the red and green filter readings is inti- 
marely correlated with the hemoglobin concentration, or, in other words, there is 
here some evidence that the green filter turbidity reading may represent a composite 
of the scattering effecc of the red cell plus absorption due to hemoglobin. 

The variances of the different regression equations which indicate the accuracy 
of the technic are as follows: 


Regression , 

I <sf t;*>f 

Red filter on count .. 

Red filter on hematocrit. ..... 

- • - ■ . . . . ,<ji 

Green filter-red fi/ter difference on acid fie matin ... j 


It is not illogical to suppose that the much larger variance in the hematccrir data 
is inherit in the hematocrit. The best estimate of the error in rhe technic itself is 
provided by the other two variances. The sources of error in the cell count data 
have already been discussed. The errors in the hemoglobin determination by rur- 
bidomecry areofsuch a nature t hat extensive exploration of their source is possible 
The potential sources of error in such determinations are: (1) the error associated 
with changing the filter, (t) a potential systematic error associated with the 
pipetting machine, since it had to be calibrated for each change of solution, (3; 
the machine error, (4) the pipetting error. 

In obtaining the data for the relationship between the green filter turbidity and 
hemoglobin, the filter was changed once each day between each series of red flier 
readings and green filter readings. It was necessary to allow the machine ro ren- 
dition itself to the change of filter and to reset the zero mark. If there teas marked 
error in this change, analysis of variance between and within the day shou 
demonstrate it. 


analysis of variance of effect of changing filters on regression of red van os cuts 

FILTER READINGS 

Better! of $** '■ 

Source of variation freedom !. 

Deviations from regression H ^5 ( 

• £ lC5**y 

Between days f ,, ? 

Within days 

The F test for these data is nonsignificant, indicating a small error m china . 

The pipetting machine was calibrated once each honatm rcif 

day for the N/10 HCi. Analysis of variance of rhe ,m:r- 
ings on the green filter minus rhe red filter readings yielded 

mation. 
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Decrees of 


Source of variation freedom 

Deviations from regression 54 

Between days 6 

Within days 4S 


Sum of 
squares 

45 e 5 

542-5 


Mean 

square 

§4-54 

9°-33 

83.5 


Apparently the technic of calibrating the pipetting machine was adequate. 

To estimate the other sources of error a special experiment was devised. Four 
Sahli pipets were labeled, four containers filled with one discharge of saline from 
the pipetting machine, four with two, four with three, and four with four. These 
dilutions were repeated with N/io HC 1 . The pipets were then assigned at random 
to each complete sec of eight containers. Twenty cu. mm. subsamples of blood from 
the same individual were then placed in each container and mixed thoroughly. 
Red and green filter turbidity readings were recorded for each saline sample and 
acid hemacin for the acid solutions. 

From the data resulting, the standard deviation of the regression of the red filter 
on green filter readings was 1.64, demonstrating a negligible machine error. Anal- 
ysis of variance of the between and within pipet error was as follows: 


Source of variation 

Total 

Between pipets 

Within pipets. . . . 

* F = 5-4°- 


Decrees of 

Sum of 

.Mean 

freedom 

squares 

square 

. 2.8 

399 

14. 1 

• 3 

157 

52 -- 3 * 

• 2-5 

2 - 42 - 

9.68 


! s emon yrates that the pipet error is large and important and that accurately 
ca i rate pipets will be a great asset to the technic. Since many' grossly inaccurate 
pipets were eliminated from our stock by a simplified rccalibration technic before 

l , esc experiments were ever started, the lack of accurate glassware is convincingly 
demonstrated. 


Discussion 

of h a ^ S * S C ^ e P resent data and the literature allows fairly accurate delineation 

do n C a ] eaS Use ^ ness blood turbidometry. As long as the cells in suspension 

by bl C f VJa ^ e mar kedly from the normal in shape or in volume, figures obtained 

consider bl^ '^ 0Inetr ^ can b £ translated directly into counts or hematocrits with 

errors it ) 1 C accurac F- In interpreting counts of normal cells, the only important 

that in V * 30 t !j ans ^ at ^ on are the pipetting error, which need not be larger than 

FatiguJ r ^ tec ^ n ^ c ’ ar| d the error due to normal variations in cell volume. 

to the p Crr ° rS ’ ? rr0rs ^ ue t0 inaccuracies of the counting chamber, and errors due 

The st „TV T tribution are thereby largely eliminated. 

yet transhticT ! e ™ at0crit tec hnics are not so accurate as the counting technics, 

with tl0 ?,° gurcs obtained by turbidometry into hematocrits can be made 
'01 comparable accuracy. 

turbidometric^fi 00 ^ CC ^ S ^ a ^ n0rma i i n shape and/or volume, translation of 
However i Wt ° COUnts and hematocrits becomes an inaccurate procedure, 

fleeted in' t h S n<jt ; ecI that deviations from the normal are accurately re- 

process of r C T .‘dometric reading. Such error as is present is inherent in the 
of translation and not in the reading itself. 
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Therefore, the chief use of the turbidometer is as a sem-ninn a • 

normal from anemic individuals. This it should do with considembW™ 
w,th a marked saving of the technician’- referable accuracy and 


s time. 


usia S a foen filter, has reported results which would indicate 
- 1 turbidometry, as used in his experiments, is grossly more inaccurate ,h in 
routine counting technics with normal bloods. This is not confirmed in the present 
data. Part of the discrepancy in conclusion is probably due to the fact that he used 
a green filter which introduces the variable of hemoglobin concentration into the 
ata. As far as inspection of our data can demonstrate, the hemoglobin concentra- 
tion and cell volume vary independently within certain limits in normal animals. 
Likewise Ponder (up. «/.) indicates that he expects a ±3 per cent error (expressed 
as standard error) in his counting technic. Berkson (1544) demonstrates that the 
true error (expressed as twice the standard deviation) of rhe typical routine red 
cell count is more likely to fall within limits of ±16 per cent.* Even with perfect 
technic and glassware the irreducible field error (due to the dispersion of cells in 
the field) is of the order of S.z per cent (twice the coefficient of variation) for a 
count of 500 cells. (The usual number counted to arrive at a determination of five 
million cells per cubic mm.) 

Turbidometry alone will not diagnose the type of anemia from which a patient 
is suffering. Where turbidometry indicates a deficiency of blood dements, two 
supplementary independent measures of cell volume and shape are needed for exact 
diagnosis. Since they are standardized, most workers will use the red cell count and 
hematocrit as the supplemental technics. However, there is reason to believe that 
other technics may be developed which are more rapid and perhaps more accurate. 
One such technic consists of examining the cell suspension in ether-washed 3nd 
alcohol-washed chambers with a Haden-Hausser erythrocytotneter. This gives a 
measure of the cells in suspension as they ate and as spherocytes and provides an 
estimate of anisocytosis. However, such a technic is not yet practical. 

As illustrated in figure 1, the deviation of the actual from the expected red count 
and hematocrit is in itself an aid in the diagnosis of anemia. Thus, in the leptocjnc 
anemias, turbidometry will overestimate the count and hematocrit, whereas in 
the spherocytic anemias they will be underestimated. Since the deviation 0 1 c 
turbidometric readings is characteristic, once the diagnosis of anemia is csra is t , 
the response to treatment can be followed by turbidometry alone. 

Determination of hemoglobin by the difference between green an re 
turbidity readings rests upon a shakier theoretical basis than does 1 c " sc 
red filter turbidometry alone. Definitive confirmation of its accuracy xa > 

from work upon a large series of hypo- and hyperchromic anem,a J- ^ ■ ■ 

these are not available to us clinically at present. However, thus _ 
fication for assuming that green filter turbidometry represents 
tering plus hemoglobin absorption. Except in the case of h g f j Jv3 . 

however, there * probably little justification for ^ j t 

ttotneter reading into couois and herua.ocms as Bh» C W!> ^ 

* [This figure is for routine red cell counts as done by various tec e«ns 
with uncalibrated pipets, chambers, etc.-Eoiroa.j 
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cious anemia, the enlarged hemoglobin component tends to cancel out the deficient 
cellular component due to spheromorphism when the green filter is used alone. On 
the other hand the disparity between the relatively high green filter reading com- 
pared with the relatively low red filter reading with this type of anemia should be 
very suggestive of this disease. It is not inconceivable that turbidometry alone 
could diagnose mild cases of this disease. Similarly, in hypochromic microcytic 
anemias, the cellular component is increased because of the leptocytic condition, 
whereas the relative hemoglobin content is reduced. Again the potential disparity 
between the two may be of considerable diagnostic aid. Even if determination of 
hemoglobin by turbidometry does not prove sufficiently accurate, the area cf the 
relationship between red filter turbidometry and hemoglobin concentration may 
yield considerable data of diagnostic importance. 

Each photo-electric device used in blood turbidometry must be calibrated in order 
to translate the readings back to numbers with which clinicians arc familiar. Such 
calibration for counts should be done with both 5 and 10 cc. of diluent and on as 
many individuals as possible. The result of such calibration can be listed in tabular 
form to facilitate translation. Hematocrit calibration is easy’ in horses and sheep 
but is difficult in cattle, due to the failure of the erythrocytes of the latter to pack 
adequately. Calibration of a photo-electric device for determination of hemoglobin 
by turbidometry should probably be done directly', i.c., the difference between the 
ted and green filter readings determined for a blood sample whose hemoglobin 
content has been previously determined by some accurate chemical method. Since 
t epipets at present available arc not highly' accurate, they' should be recalibrated, 
an in addition the green filter-red filter difference should be determined on a num- 
ber of samples of the standard blood. 

The fact that both theoretical considerations and our present experiments mdi- 
catc that the shadow-volume relationship is a constant in many species is of con- 
su - c i—t. One possible explanation for the present data which supports 
o £ V1< j W * S tbat tbe Ce ^ s become crcnatcd or spherocytic as a result of the action 
cr e sa me. However, many of the suspensions were examined for evidence of 
wa h U i° n "? tbout ever finding any great amount. In addition the fact that ether- 
^ an . ak °h°l-washed chambers filled with the same suspension usually 
further C ° n ^ Istenld y different reading in the Hadcn-Hausser erythrocytometer is 
sum . eV1 , ence t ^ lat t b £ cells in suspension were relatively unchanged. The as- 
cxplairTw' h* suspencbn £ me dia distorts the cells relatively little allows us to 
well as 'IT a S * m ^ C un *fyi n g theory the results obtained in the present work as 
The auth C pC !“ ubar Phenomena observed by Blum (of. cit.) and Shohl (op. cit.'). 
sa me as th^ °. 1 C0Urse ’ cannot defend the proposition that the cell in saline is the 
saline prod,/"^!, d l CUlatmg , bI °° d ’ b ™ k seems reasonable to assume that if 
with the r UCeS an T Ganges they are of such a nature that they are consistent 
agi ta tio n ff eaSUrements of P °nder (op. cit.') and Haden ( of. cit.). The absence of 
dencepers ^ ^ su ^P ens * ons °f blood in saline in the photelometer is not evi- 
SUs pension crenat i°n or of induced spheromorphism. Since so many cells in the 
nometer mer^ ? C path ° f the beam of U g ht > lack of fluctuation of the galva- 
7 lndlca tes that the total shadow is unaffected by the speed at which 
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he cells are gyrating or rotating. As a matter of fact, a good indication of &- 
average shadow from the models used could have been obtained by setting them fo 
a ting rapidly in front of light sensitive paper and determining the periphery of 
e true average shadow by the midpoint of maximum and minimum darkness of 
the developed paper. It must also be noted that some accuracy has been sacrificed 

in the KJett-Summerson instrument so that minor fluctuations mieht not h- 
apparent. b 


onder (193 5) offers some proof of this linear relationship between shadow and 
volume by demonstrating a linear relationship between average shadow and opac- 
ity constants for the blood of man, sheep, rabbit, ox, and cat. In this case, the 
opacity constants represent figures necessary to make turbidometric reading— cel! 
count curves coincide for the different species. Since, in such translation, the volume 
is an assumed constant, the relationship is thereby demonstrated. 


Summary and Conclusions 

1 . Blood turbidometry is recommended as a screening technic for distinguishing 
between anemic and nonanemic individuals. 

x. Blood turbidometry must be supplemented by other technics for an exact 
diagnosis of the type of anemia. However, with such help it makes its own con- 
tribution to the accuracy of the diagnosis. 

3. Blood turbidometry alone would seem to be capable of following an anemic 
individual's response to therapy once the proper diagnosis is established. 

4. Determination of hemoglobin concentration by turbidometry appears as a 
distinct possibility. However, furcher investigation is necessary to validate its 
utility. 

5. Evidence is accumulated that the shadow-volume relationship is a constant 
in several species. 


ACKNOWLEDGMENTS 

The author is particularly indebted to the following for advice in connection "hh ”, . 

Peter Olafson of the Department of Veterinary Pathology, Dr. C. E. Hayden of the .parmuir 0 
crinary Physiology, Dr. L. I. Barnes of the Department of Physics, and Dr. W. B. Orveroi m. -f • 
meat of Mathematics, all of Cornell University, and Dr. Charles P. Winsor of Johns Hopbn. 

Dr. Robert N. Ericson conducted some preliminary explorations of the pro e « 
when both were connected with Kansas State College. 

REFERENCES 

Berkson, J.: Blood Celt Count Error in Medical Physics. Chicago: Otto Glasser, ^ear Bo 

Buis? Le°n L.- The photoelectric erythrocyte count. Am. J. Clin. Path. I, '! 00 - s > ^ 

Draskin^D^L. and* Singer, R. B.i Spectrophotomccric 

of non-hemolwed erythrocytes and of scattering of light b) susp.n 

w 't R 3 V- Principles of Hematology. Philadelphia: lea & Fehigcr, 1940- ■ > ■ 

KoKTEUs^CEtELiAM^: Red blood cell counts. Photoelectric haemocytometcr 
abnormal cells. Am. J. Med. Techno!., tf: 19% * 34 °- 



J. H. WHITLOCK 


473 


Parker, G. M., Spicer, H. E., and Porter, H.: Method for computing count on photoelectric colorim- 
eter. Am. J. Clin. Path., Tech. Sec., 8: 37-38, 1944. 

Ponder, Eric: Red Blood Cell Dimensions. In: Medical Physics. Chicago: Otto Glasser, Year Book Pub- 
lishers, 1944. 

Ponder, Eric: The mammalian red cell and properties of haemolytic systems. Berlin: Gebrudcr Born- 
trager, 1934. 

Ponder, Eric: The relation of red cell diameter and number to the light transmission of suspensions. 
Am. j. Physiol., in: 99-106, 1935. 

Richardson, E. G.: Turbidity measurements by optical means. Proc. Phys. Soc., London, 44.- 48-63, 1943. 
Shohl, A. T.: The measurement of cell volume of blood by cell opacity method. J. Lab. & Clin. Med., z;: 
I 3 1 5> I 94°- 

Shohl, A. T., and Diamond: Determination of cell volume and hemoglobin on same drop of blood. 
Science, pi; 2.1-13, 1943. 

Snedecor, G. W.: Statistical Methods. Ames, Iowa: Iowa State College Press, 1940. 

Steinmann, R. M., and Wilbrandt: Light diffusion of erythrocyte suspensions and its application in 
photoelectric counting of erythrocytes. Ztschr. f. klin. Med., 141: 10-34, 1941. 



A CORRELATION STUDY ON WHITE BLOOD CELLS 
By Jerome Martin Pines, M.A. 

A ?“ TI ?N «udy was made at the Woodrow Wilson Genera] Hosml 
1 ^ StaUnt0n ’ Vlr S 1£1Ia > between the number and volume of white blood cells 

TADt !/7 cam bttu "» *1*' Uni ulls per eu. mm. and white 
bhed Hack (mm. per too mm . tube) at Woodrow Wilson General Hospital, 

Staunton, Va., from 0 staler z , mi to September pi, i m 

White Blood Cells per cu. mm. i 
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in 11,485 cases, covering the period from October x, 

A routine blood test was performed on each patient ad 

From Quartermaster Purchasing Office of New Jerk, New port CRf. Zcma l 0 'Di&$£ : 
Grateful acknowledgment is made to D, David R. Morgan and Dr. Bw 

data available. 
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The results are shown in table i and figure i. The coefficient of correlation be- 
tween number and volume of white blood cells is 0.75. Since different samples lead 
to varying results, the validity of the coefficient increases with the number of cases 
included in a study. With the large number of cases included in this study, the 
chance is 141 to 1, or nearly certainty, that the coefficient of correlation will fall 
between 0.75 ± o.nz or 0.738S to 0.761Z, all of which are high coefficients. 



WHITE BLOOD PACK (MM PER 100 MM TUBE) 

Fig. i. Relationship between white blood cells per cu. mm. and white blood pack (mm. per ioo mm. tube). 

The ranges of number and volume of white blood cells may be observed from the 
table and also the impracticability of ascribing any one value of number to a cor- 
responding value for volume. For each, there is a range of the opposite. The high 

coefficient of correlation, however, definitely establishes a high degree of rela- 
tionship. 



METHOD 


NEW METHOD OF PRECISE LIQUID MEASURING. NEW BLOOD 
DILUTING DEVICE 


By N. Bhv-Tovim, M.D. 

T IQUID MEASURING and diluting operations for medical and other purposes 
O-J by means of the usual gage tubes, such as pipets and burets, may be performed 
in a very precise and convenient manner by using a simple device described here- 
with. 

Principle of the Method. The general idea is to arrange a movable obturator beneath 
the bottom end of a gauge tube, consisting essentially of a piece of rubber fixed m a 
rigid support, and co providethe obturator with such mechanical means for operat- 
ing it as to allow the degree of the obturation to be finely var/ared and exactly 
adjusted. 

Schematic Realisation (Fig. i). A pipet (i) is fixed to a rigid support (3) by clasps 
(4). An obturator (14), made of a square rigid frame over which a small rubber 
tube has been slipped, tightly doses the opening of the tube by sligbr pressure, 
which is produced by a traction spring (2.0). It is mounted on the lower end of 1 
vertical rod (15) on the top of which rests a lever (zz) which facilitates the produc- 
tion ofsmall downward and upward movements of the obturator. (It is evident that 
other modalities of mechanism, e.g., a micrometric screw system, can be imagined 
for operating the obturator.) At its upper end the pipet has a rubber tube (5) which 
may be compressed by means of a leaf spring (iz) operated by a screw (13). The 
tube (5) is connected to a rubber bulb (8) by means of a rigid tube (6). This has an 
opening (9) dosed by a shutter (10), which is pressed against the tube b) a sprint 

(«)• 

Manner of Using the Device. A. Measuring a liquid. 


Method 1 


1 . Draw in the liquid until somewhat above the mark, 
z. Close pipet with obturator and compress tube (5) by screw (i}f 
3 . Press gently on the lever until liquid has lowered exactly to t e ma 

Method z 


x. Put a drop of liquid on the middle of the obturator. ^ 

2.. Replace the obturator in such a manner that the e 
drop and then decompress tube (5). 

From the Sick Fuad Clinics, Hadera and Nathania Districts, Pakstmc. 
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3. Press gently on the lever until the liquid has risen exactly to the mark. 

B. Diluting a liquid. 

1. After an exact quantity of the liquid has been obtained within the tube (closed 
by the obturator) wash off any excess of it left outside upon the obturator. 

i. Uncover opening (9), compress bulb (8), release shutter (11) and bulb (8) 
(the bulb remains compressed). 

3. Dip the lower end of the tube (which is always closed by the obturator) in the 
diluting liquid and press gently on the lever until the mixed liquid has risen ex- 
actly to the upper mark. 



Functions and Advantages of the Obturator 

i- Regulator. By lowering the obturator slightly we create a very narrow slit 
etween it and the bottom end of the tube through which a given liquid can enter 
or leave the tube. The speed of the liquid current is proportionate to the dimen- 
sions of the slit and oscillates in exactly the same manner as the position of the 
o turator with regard to the bottom of the tube. This is a very delicate and precise 
mechanism. The current is instantly stopped at the moment of the complete obtura- 
tion of the tube. 

t. Separator. There is no residual drop at the bottom end of the tube. The excess 
'qui remaining upon the obturator is separated by it from the liquid inside the 
e and can simply be washed off. With “mixing pipets” into which two liquids 
ar e sucked in one after the other in order to be mixed together, no loss of liquid 
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occurs from the piper into the second liquid before one begins the aspirations be- 
cause of this separating function of the obturator. Likewise it is possible to dis- 
charge one liquid into another by minute quantities by dipping the end of the 
obturated buret into the liquid where the titration is performed (microanalysis). 

3. Secludor. Two or more pipets can be combined into one unit with common 
means for producing variations of pressure in them, each pipet being quasi-insu- 
lated or secluded from the whole by its individual obturator. 

4. Receptor. When the quantity of liquid to be measured is only a small drop, on; 
can advantageously put this drop upon the obturator and have it sucked in there- 
from. 


\ 


\ 



Fig. t 


5. Otarmr. Prevents loss of liquid from 'he ‘ '“Smrsiioe util* 

Insures stability of the liquid column ->.*«'• h *“ o( liq ,id up.. *** 
absence of rubber tubes for aspiration, there are tmoiup 

* 

instrument a great number of pipers. 
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Recapitulation of Its Principal Advantages 

i. A very simple mechanical system making use of common pipcts. 

l. A combination of both pipets in one unit, allowing the performance of both 
diluting operations partly in a parallel manner and partly simultaneously. 

3. Mechanical aspiration and discharging of the liquids. 

4. Close manual control under the continuous observation of the operator. 

5. Highly precise adjustment of the liquid level. 

6. Washing off instead of wiping off the excess of liquid at the ends of the 
pipets. 

7. Automatic obturation of the pipets at the end of the adjustment, preventing 
loss of liquid and allowing shaking and transporting under good conditions. 

8. The possibility of using the device as a '‘receptor,” especially when taking 
blood drops from little children. 

9. Easy and rapid operation, excluding the habitual failures and accidents and 
shortening substantially the blood diluting procedure. 

10. Hygiene. 



CASE REPORT 


CONGENITAL HEMOLYTIC ICTERUS IN A NEGRO FAMILY 

By E. G. Goodman, M.D., and B. R. Cates, M.D. 

I N A recent article by Stragnell and Smith 1 a Negro family was studied in which 
three members showed definite evidence of chronic hemolysis and the presence 
of spherocytes in the blood. Sickling preparations were negative. This stimulated 
us to check the hospital records and review the literature on the subject. According 
to the standard textbooks of hemacology, congenital hemolytic jaundice in the 
Negro is extremely rare. Wincrobe 2 mentions i case in a Negress of undoubtedly 
mixed blood.” In 1945 Scherer and Cecil 3 described a 14 year old Negro girl with 
hemolytic anemia. The family was investigated. A maternal uncle and nuterna 
grandmother, both tan in color, showed microspherocyres in blood smears. Her 
father and paternal unde showed no anemia and had normal fragility tes s, 
a slightly increased icteric index and a low grade miculocytosis were present. 
The congenital hemolytic anemias usually show a racial predilection. n « c “ ' 

question of racial admixture must always be cons.dere ^ ^ 

Recently we had the opportunity of study g g > . 0 f con- 

features that showed all of the characteristics n C X Jen in the white race, 
genital hemolytic icterus with spherocytosis as^s $iocc 5 p leneC tomy 

We believe it is worth while to report sa mge[ . ova ] cell anemia 

is of definite value in this disease whereas m Me iaU y alter the course 

and sickle cell anemia removal of the spleen does not app 

of the disease. 

CASE REPORT 

G T ali year old colored married female, was seen in the D fhc Wtirf 
m6 , complaining of cramp-like upper P»m ^ ^ ^ ^ ^ 

5TSCS- i — 

TT * « ***■ 
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The family history was interesting in that the patient's father died of "anemia," one sister died of 
"malaria" at the age of 15 years, and another sister had been anemic most of her life and had required 
several transfusions. One sister gave a historv of gallbladder colic and another was asymptomatic but 
when studied here was found to have anemia, jaundice, and an enlarged spleen. 

The general physical examination revealed nutrition and development to be adequate. Gimplexion 
was black(see fig. 1). Superficial Ivmph nodes were not palpable. The head was symmetrical, without 
exostosis or other bone deformities. There was definite icterus of the sclerac. There was a cardiac systolic 
murmur heard best over the pulmonic area. The blood pressure was jio- f 5 On abdominal examination, 
the spleen was both visible and easily palpable, the tip being felt just to the left of the umbilicus. The 
liver border could not be palpated. The extremities showed no ulcerations, cyanosis, or edema. 



Fig. 1 


mm. W g q ° td°°d showed a hemoglobin of 8.4 Gm., or 54 per cent. R.B.C. 3,150,000 per cu. 
bind forms s tv- ^ CU . mrn ’ ^ i ^ crcri: ’ a ' 1 formula revealed mature polymorphonuclears 67 per cent, 
*)'mphocy tcs q CCnt ’ eos * no Pl 1 'l s 1 per cent, basophils 1 per cent, small lymphocytes 8 per cent, large 
,V1S 75 cu. mio^t an< ^ monoc ytes 8 per cent. The reticulocytes numbered 4.7 per cent. The M.C.V. 
'motion at room' ^ ^ IT1 ' crorn ' tro o raI::s ' The fresh blood showed a marked degree of hemagglu- 
cc Hs, quite typical™^ 2 ™ 2 "^ cre ' vas no ev <dence of sickling. There were many small, dense red 
0, ffi per cent saline ° S ^ £roc y' tcs - ^ fragility test showed the patient’s cells to begin hemolyzing at 
k c °mplete at o t0 com plete at 0.36 with a control showing hemolysis to begin at 0.46 and to 
CI Tthroblasti c hvrv^ 002 ™ arrow ' vas aspirated from the sternum by puncture. There was a marked 
rp asia with 117 nucleated red cells to 100 leukocytes. 
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Splmic Puncture: A small amount of material was aspirated from the spleen through a No. 16 ccrdfr. 
This showed a mixture of small, large, and early lymphocytes. No abnormal cells were found. 

The blood Kahn, Kline, Wassermann, and Mazzini tests were all strongly positive. The Van den Bet? 
reaction was indirect with a total bilirubin of 3.1 mg. per cent. The total serum protein was S.r Go., 
albumin 4.Z. Gm. per cent, globulin 3.5 Gm. per cent, giving an A/g ratio of 1.1. Urine examination wit 
negative, the urobilinogen value (Wallace-Diamond) being itao. Oral cholccystogtam showed the gall- 
bladder to concentrate the dye well. There were small areas indicative of nonopaque stones. 

Table I .—Blood Valuti Btfm and After Sfle nectomy 

Date Heb. R.B.C. W.B.C. Ret- % BiliSn rrasil!tJ ' S l' htw,t " 


8 -10-4 6 
8-2.3-46 
8-27-46 
8-18-46 

8-30-46 
9 * 3-46 
<3- 6-46 
10- 1-46 


8.4 3.15 7 ,°°° 4-7 3-3 

7.8 3.06 9,000 9 - 1 

8.8 3.36 7,700 11 -i 

Given 4 300 cc. transfusions preoperativdy 

and postoperative!}’. 

15.0 5 • 77 l6 ’ 6o ° „ 

14. 1 5 - 3 1 IO > 9 00 1 -9 7 

14.1 4-59 5 - 8 o° 

11.3 4.70 8,000 i-S 

Table 1 .—lnnstiptim 0} Family 


Splenectomy, 
cholecystectomy 
.64-.18 Present 

.64-.18 Present 


.. Relation- R.B.C. W.B.C. Ret. Bili- 

N&me jV,; D r "“' rubm 


Fragil- Sphere- Sp | K „ 
ity cytes 


«« m ,» » — ~~ re 

tt - *•» 

« s„« .... .... »■- * ■ „ 

am .« «■» kw „•«, 

.... >■» «■ u <sr - ■*"” " «. 

ItL Died cf ■•anemia.” 

Mother Bivins and supposedly well. 

tZ Died of ■■malaria” at tbe age of 15 years. 


Quantitative serologic studies . n j Dtcn sive course of pc scr j ng about 4 cc- 

Patifhfft Rtfort: Gross «a d covered by a bcsb°tg ^vcnU-I; F 

The capsule was somewhat th^«d- ^ V**^j^e**~ 

nent. There was an increased am 



E. G. GOODMAN AND D. K. CATES 


4S3 


the splenic pulp was markedly engorged by tile erythrocytes, but conversely the sinusoids were empty 
and stood out very prominently. The rcticulo-endothclial cells showed a great deal of hemosiderin pig- 
ment. The Malpighian bodies were widely separated and appeared to be reduced in number because of 
the great engorgement of the splenic pulp. The findings were thought to he characteristic of those seen 
in congenital hemolytic icterus. The gallbladder was distended by dark green bile and contained approxi- 
mately ten small pigmented calculi. 

The patient's postoperative course was uneventful and she was discharged from the hospital September 
7, 1946. On a return visit she was doing quite well and her blood values were relatively normal (table 1). 

Inctjtiiation of Famih: Five members of the family were brought to the hospital for study. The results 
arc shown in table 1. Two sisters sverc found to have anemia, reticulocvtosis, spherocytosis, jaundice, 
increased fragility of erythrocytes, and enlarged spleens. One had gallstones. Two brothers and a maternal 
niece showed no evidence of disease. One sister svlio could not be located was said to be anemic and had 
been transfused on several occasions. A sister died of "malaria” at the age of 15 years and this could have 
been a hemolytic crisis. The father died of "anemia." No more definite information could be obtained. 
The mother is living and supposedly well. 


DISCUSSION 


Three members of a Negro family, all females, were studied and showed all the 
criteria necessary to make the diagnosis of congenital hemolytic icterus with 
spherocytosis. After the diagnosis was established in the first ease, splenectomy was 
performed, following which all evidence of increased hemolysis disappeared, 
although the spheroq-tes remained in the blood and the erythrocyte fragility 
remained about the same as before splenectomy. The gallbladder was also removed 
as it contained stones and gallbladder colic was the primary complaint on admission. 

e marked hemagglutination, which was present at room temperature when the 
patient was first seen, disappeared after several days; but the cells still showed auto- 
agglutination when the blood was cooled to 4°C. 

th ° n f en ^ a ^ hemolytic icterus with spherocytosis occurs in the Negro race, al- 
g *t is rare. The hospital records were examined carefully and no previous 
cases m the Negro were found. From the reported eases, the disease seems to be 
s C common in the female. The disease itself may be quite benign and give no 
y pt°ms unless complications occur. Cholelithiasis is one of the common com- 
Geo° nS cause the patient to seek medical advice. 
pOtted^T^ 1Ca ^’ t ' le f am ‘ly reported here was from South Carolina, the one re- 
and CecUfr 0 ^ 11 ^ ^ rom "Carolina,” and the family studied by Scherer 

Wintrob T* 1I f’ lma ' "The sexcs of the reported cases in the Negro are as follows : 
females (b~ ^ c f* erer an d Cecil — female; Stragnell and Smith — 1 male and 2. 

cases Cr an ^ sistcrs )l Goodman and Cates — 3 females, giving a total of 8 

th 7 females to 1 male. 


A Negro family 
hem °lytic ict erus . 


SUMMARY 


is reported in which 3 sisters were found to have congenital 


All 

There wa s ^ observed showed strong Negroid characteristics. 

3. The liter C ° SU ^® est an ^mixture of white blood. 

^ lv e been report^ T VaS rev * ewec h Including the 3 reported in this paper, 8 cases 
cases show , c C he disease may be more common in the female as the reported 
" 7 females to 1 male. 
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4. Congenital hemolytic icterus, on rare occasions, occurs in the Net; to race 
and recognizing it as such is helpful since splenectomy is of distinct value. 
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• EDITORIAL 

The “Anemia" or Neurasthenia 
“Taliqvist" Anemia 

M any people believe that hematology is concerned solely with purely material 
things which can be looked at and measured. It seems strange, therefore, 
that one of its most important problems is that of the neurasthenic woman under 
treatment for "anemia." Recognition of the problem and its intelligent handling 
is often more important than making the diagnosis of an obscure case of leukemia. 

Be he general practitioner or highly restricted specialist, a significant hulk of 
the doctor's practice is made up of the neurasthenic woman. She complains of lack 
of energy and easy fatigue. If she entertains a few friends at dinner she is exhausted 
for a week. She is particularly "low” in the morning and a night’s sleep leaves 
her anything but refreshed. She is beset by headaches, vague dizziness, ill-defined 
pains, palpitations, and menstrual disorders, so much so that she is often incapable 
of carrying on the simple activities of the household. Visits to successive doctors 
offices result in such diagnoses as sinus disease, hypothyroidism, ovarian dys- 
function, arthritis, low blood pressure, and anemia. Treatment includes nasal 
sprays, thyroid extract, estrogens, pelvic operations, and various and sundry 
antianemia preparations, including liver extract, iron, vitamin B complex, folic 
acid, and numerous combinations of these. 

Inquiry reveals that the "anemia" has been under vigorous treatment, particu- 
arly with liver extract, for from six months to fifteen years. The diagnosis of 
anemia has usually been made by the Taliqvist hemoglobin scale, which almost 
a ways seems to give readings of 60-65 P cr cent. Often without further ado, the 
patient is placed on a series of injections of liver extract which arc given daily, 
-f- wee kly, or weekly. Characteristically, each injection is followed by a 
^la U ^ Sur £ e * n "vitality, which wears off in a few days. Surprising responses take 
stat C hemo S lobin an d rec l ce ll values, but characteristically the patient 

Well S S ^ C Can wben the hemoglobin level drops off a few points by a 
follo\ ne ^. recblct ‘ on in vitality which develops. The improvement which 
devel 1 Ser ' C . S i n ) ect ions is usually short lived, and sooner or later the patient 
f P s reactions to the liver extract or may even become skeptical of the necessity 

Fati nUnUed inieCtions " 

appcanT d T' nates the clin ical picture and is out of all proportion to the general 
feminine^ ° ^°° d ^ ea ^ tb ’ ^he P at ient is almost always of the charming, highly 
is a sallo so ^ t s ki n an d smooth, rounded arms. Beneath the rouge, there 

color Th COrn P^ e ^i° n > but the palms and mucous membranes have an excellent 
A few ecch t0nSUe ‘ S com P letel y normal. There is no loss in vibratory sensation, 
reading i s are often P resen t on the thighs and arms. The blood pressure 

pressure oft ^ bctween 9 ° an d 100 systolic and a careless reading of the blood 
sure, Cn ® 1Ves va l ues of less than 30 — and thus a diagnosis of low blood pres- 
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As determined by a well calibrated photoelectric colorimeter h , . 
values give readings of xo. 9 to x 5 .o Gm. (75 ' ^* 7 ** 

co„ K po„d, giving a color infa of ooc, with a *L c0 J oscnh ““ 

tweui 85-100 cub.c mtcrons. The leukocyte connt is often a, rho J'ijA 
ormaltty, between 5,000-6,000 per cu. mm. and the granulocyte level varies G 
tween 60-70 per cent. Should the basal metabolic rate be determined, it is often 
found to be between — xj and —15 per cent. 

That the normal hemoglobin value for women may be at levels of 10 9 Gm 
or even less, corresponding to red ceil counts of 3.5 to 3.8 M, is not generalh 
Known. This is particularly true, it would seem, in the neurasthenic type, in 
which the constitutional make-up of sluggishness, lack of drive, and low energy 
is associated with a low metabolic function of the entire body, i.e., low blood 
pressure, low basal metabolic rate, etc. The disability that these women (and some 
men) complain of can hardly be a function of their somewhat lowered hemoglobin 
concentration and is indeed out of all proportion to that of a true case of anemia, 
in which there may be unusual vigor even at a level of 40 per cent hemoglobin. 

The various physical and laboratory studies give no hint as to the cause of the 
weakness, which is almost certainly " nervous ’’ and constitutional in type. This 
is usually hereditary, but may be the result of continued environmental difficulties. 
Although nonorganic, one would hardly classify the symptoms as imaginary, 
since there is a real lack of energy and at times complete disability Most patients 
have come to rely on their frequent injection treatments for ‘'anemia” as veritable 
props. To take away the diagnosis of an organic disease such as pernicious anemia, 
and substitute for it that of a nervous disorder or a constitutional nervous weakness 
may leave the patient completely disappointed or even shocked. The patient s 
physician may also be skeptical. Suppose the patient really has pernicious anemia, 
wouldn't it be dangerous to discontinue liver extract? And besides, what harm 
can there be in continuing the injections? 

The harm is in the development of a prop, in the treatment of one symptom, 
or piece of laboratory data (oftentimes in error) rather than in the treatment 0 
the whole patient. The intelligent physician wishes neither to delude himsc nor 
his patient and is therefore always on the alert for the true state of affairs, e 
diagnosis of anemia must first be ruled out, and here, after the blood counts, 
gastric analysis is perhaps first in order. Almost always, free HC 1 is oun cit 
with or without the use of histamine. Should HC 1 be present, the pat.cnc an K 
told categorically that there is no need whatever for further liver extract wje • 

In the occasional case, HC 1 is completely lacking, and here one mus 

ino one’s clinics) judgments, to the character of the ase and »»> 

tory test. Once the positive diagnosis of neuras.hen.a 

my practice to discontinue all antianemic preparations a inspection of 

at intervals of approximately three months. At t these : u , 
the tongue, tests of the vibratory sensation and of the knee j 

and blood counts are carried our. 

Almost always, the blood remains either at the same 

casion or even shows improvement! 


levels as on the for 0." 
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Some sort of treatment is, of course, required. The first and most important, and 
one which the patients appreciate, is frankness. An extended discussion is made of 
the nature of neurasthenia, its hereditary and constitutional character, its lack 
of relation to organic disease and its tendency to remit and relapse. The importance 
to the patient of removing as many “props" as possible and of walking on one's 
own hind legs is stressed. Adjuvant therapy which is often helpful is the use of 
small doses ofdexedrine or benzedrine, which, when administered in the morning, 
give the patient a “lift" and a new sense of energy. Small doses of phcnobarbital 
at night may be helpful if the patient is unusually fearful. 

The problem of the neurasthenic woman and her “anemia" is a large one, de- 
serving of much more attention than it has been given. Were these women diag- 
nosed and treated for what they really arc, the sales of liver extract might be 
reduced (conservatively) some 75 per cent. The problem is one which really lies in 
the realm of the art rather than of the science of medicine — the art of treating a 
sick woman, not with needles, but with carefully chosen words and a reassuring 
frankness! 


William Damesiiex, M.D. 
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HEMATOPOIETIC TISSUES 


Development of Bone Marrow in Auult Animals. B. Sttinhrg ami V. Hujjcrl From Toledo Homiti) 
institute of Medical Research. Arch. Path. s;: 117-116, i S< j 7 . 

Previous studies of marrow regeneration by other investigators have centered around hypoplwic 
marrows induced by chemicals, starvation, or disease. In the present article, regeneration of the compltt: 
marrow was studied following its removal mechanically. The latter was accomplished by forcing sterile 
liquid petrolatum and saline through rabbit tibiae after holes had been drilled at appropriate locations 
Forty -four rabbits were treated in this manner and one or more of the animals were killed at intervals of 
1 to 60 days. Regeneration was initiated during the first 9 days by the endosteum sending out sheen ol 
primitive reticular cells. Bony trabeculae were also laid doivn. Far spaces were formed by thecwlesreitct 
of vacuoles in two or more adjacent reticular ceils. Between ti and 17 days islands of myeloid cells were 
seen throughout the re-forming marrow. By the twenty-first day the marrow cavity was unevenly filled 
and the bony trabeculae had disappeared. These studies indicate that regeneration of all myeloid dementi 
starts from a primitive reticular cell. 

O.P.J. 


ERYTHROCYTES AND ERYTHROCYTIC DISEASE 

Comparison op the Effects of Massive Blood Transfusions and of Liver Extract in Pmmcioii 
Anemia. C. S. Davidson, J. C. Murphy, R. J. Watson, and W. B. Castle. From the Thorndike Wrmotii! 
Laboratory, Boston City Hospital, and the Department of Medicine, Harvard Medical School, Bouoa, 
Mass. J. Clin. Investigation ay: 858-S69, 1996. 

The authors describe c he clinical and hematologic responses obtained in 5 patients with npci 
Addisonian pernicious anemia who received liver extract after the anemia had been partial!) or ecu 
pletely corrected by means of whole blood or red cell transfusions. It was found chat very JittL 
made improvement was effected by transfusion, excepting for the relief of those symptoms spec) t J ^ 
attributable to hemoglobin deficiency; anorexia, apathy, and digestive symptoms persisie unu 1 
therapy was instituted. Leukopenia and thrombopenia were completely unaffeerc > rc P’ •“ ® 
amount of blood given or the level of hemoglobin concentration attained. Fo lowing t - »» 
course of liver injections, however, the white cell and platelet counts prompt j ren Y‘ a .Act 
Reticuiocytosis, in response to liver extract, was reduced ot absent m these tram use pa 
upon rhe presence and degree of the anemia existing at the time liver therapy was sis ^ ^ ,, 

alone did not stimulate a reticulocyte response. Serial examinations of the bo c ^ ^ ^ 

indicated that megaloblastic proliferation tvas promptly reduced as a r ^ jfpgaex d 

meat. When complete correction of rhe anem.a had been aceomp ^^Jed , nJ «*»!. 

the marrow was relatively normal. Later, as the donor red cells «e 
the marrow again assumed a megaloblastic character. rf , sfe dfc 

The mtgalohlastosis of uncompensated pernicious anemia is the F • 
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state, and can be eliminated by administration of the maturation factor, or factors, present in liver 
extract. It now appears that the phenomenon requires, in addition, the erythropoietic stimulus of bone 
marrow hypoxia, a product of the anemia. Alleviating this hypoxia, by artificially increasing the con- 
centration of circulating red cells, caused a reduction of megaloblasts, although the fundamental de- 
ficiency remained uncorrected. The data presented are, moreover, adequate to refute the hypothesis 
(Clinics /: 70S-716, 1946) that the neutropenia and thrombopenia, characteristic of pernicious anemia in 
relapse, are on a myelophthisic basis, attributable to megaloblastic proliferation in the marrow. On the 
contrary, it may justifiably be assumed that the normal development and survival of granulocytes and 
platelets, as well as of red cells, arc dependent upon a common nutrient factor which is supplied in liver 
extract. 

C. P. E. 

Relative Clinical and Hematologic Effects of Concentrated Liver Extract, Synthetic Folic 
Acid and Synthetic 5-Methyl Uracil in the Treatment or Macrocytic Anemias in Relapse. 
IP. B. Fromme^tr and T. D. Spin. From Hillman Hospital, Birmingham, Alabama. Am. J. M. Sc. 
uj: 135-149, 1947. 

The authors report the results of studying 100 patients treated with concentrated liver extract, L4 
patients treated with synthetic folic acid, and 14 patients treated with synthetic 5- methyl uracil. Each 
of these three substances caused a remission. Although the clinical and hematologic response to folic 
acid paralleled that following concentrated liver extract therapy, the latter produced a greater rate of 
regeneration. Synthetic 5- methyl uracil was the least effective of the three substances. 

O. P. J. 

Folic Acid in Pernicious Anemia. Failure to Prevent Neurologic Relapse. R. IK. Heinle and A . D. 
Wrlch. From the Departments of Medicine and Pharmacology, Western Reserve University College 
of Medicine, and the Lakeside Hospital, Cleveland. J. A. M. A. til- 739-741, 1947. 

The substitution of folic acid for liver extract in the therapy of pernicious anemia has awaited evalua- 
tion of the status of neurologic changes under the new form of treatment. Reports arc now forthcoming 
"hich suggest that folic acid does not necessarily prevent neurologic progress in pernicious anemia, and 
Hake the routine use of this substance alone at present undesirable. 

Heinle and Welch report that of 47 patients with pernicious anemia treated with folic acid, 3 had 
neurologic relapses (6.4 per cent). Two relapses were mild and responded readily to treatment with liver 
extract. The third patient, who forms the basis for the present report, developed an ''explosive” neurolo- 
gic relapse three months after the initiation of fol ic acid therapy, at a time svhen the blood status was 
norma . Response to further treatment did not occur for one month after intensive therapy with crude 
Tl^ nC< ^ ^ Ver extract an d vitamin B was started. 

exact nature of the neurologic lesion described is not clear. It is certainly not the characteristic 
u” 0 ! 11 ” 1 ' sc ' cros * s pernicious anemia, but resembles rather a peripheral neuropathy. It began 
and R ' num ^ ness * n 'd'e hands and was followed by numbness in the forearms and, later, feet, legs, 
(before^h ^ ^ tenc ^ on re dexes were absent; there was no vibratory sensation below the ribs 
slow Th Cra ^ ’ ™* S was norma l); and there were no pathologic reflexes. Improvement was delayed and 
This aCt ^ US cou ^ ke peripheral neuropathy due to pernicious anemia is certainly possible. 
speculate 211601 ' ^ " C ^ aS ^ le ot ^ er L "dth neurologic relapse, had very poor dietary intake. The authors 
ncuto V 1 ^ 011 t ^ le r< d at i°nship of this malnutrition to the occurrence of the relapses. The question as to 
certain * ' ^ C ° ot ^ er causes (e.g., avitaminosis B) is not discussed. The authors believe that, in 
uicious Stan . ces ’ ac *d maj- perhaps not only allow but even precipitate neurologic relapse in per- 
time nemu ' an }' rate, liver extract remains the treatment of choice in pernicious anemia at this 


Xj , p t , ■j-^ KE p ,C Properties of Pteroylglutamyl Glutamic Acid. T. D. Spies, R. E. Stone, ami R. 
Hillm u r ° m C ^ e department of Medicine, University of Cincinnati College of Medicine, and the 

F °Cidhr a ^^ 

P eroj glutamic acid and has one glutamic acid residue. A related compound, synthetic 
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”™J* “A to . print 4h ,o*tai „L„, „ 

swncc daily for tea days resulted fa a recicuiocytosis of 15 t p cr cent on the eighth j ? ^ 

- M - - - 

^spspzsL K^was-^-a 

structure TOth degree of response may in tune lead to better therapies and more fundamental knowledge c ( 
the nature of pernicious anemia. This report merely demonstrates the efficacy of the first such chemical 
modification of folic acid. 

S.E. 

The Anemia of Infection. V. Fate of Injected Radioactive Ieon in the Presence or Is-fcamm itics. 
G. X. Grttnhcri, H. Ashmhmcktr, M. Lauritsw, W. Worth, S. R. Httmfbreji, mdU. M Whtnh. From 
the Department of Mecicine, University of Utah Medical School, Salt lake City, Utah. J. Clin. 
Investigation 27: 111-115, 1547. 

The experiments reported in this communication were designed to ascertain the mechanism by which 
icon metabolism is altered in the presence of inflammatory lesions, as manifested by the occurrence c! 
hypoferremia and che development of hypochromic anemia. As described elsewhere (j. Clin. Investiga- 
tion xy 65 , 1946; atfr 114, 1947) these authors had determined that, whereas iron absorption is adequate 
in patients with chronic infection and anemia, the utilization of iron for hemoglobin production is 
sharply reduced, depending on the severity of infection. Iron administered by injection rapidly disap 
peared from the plasma. This diversion could not be attributed to excretory loss and was dearly not the 
result of erythropoietic activity, relatively little being incorporated into hemoglobin until the inftnion 
had been relieved. 

The present report described experiments in which a radioactive isotope of iron (Fe”) was adminis- 
tered pareatcrally into normal rats, and rats with acute inflammatory lesions produced by the intramus- 
cular injection of turpentine or bacterial cultures. The animals were subsequently sacrificed and radio- 
activity measurements carried out on isolated tissues. It was found that, in the presence ol inflammation, 
the major accumulation of iron was in the liver, normally the chief storage site for this element; a r:b 
tively losver proportion of the material had been incorporated into red cells in comparison with the 
control animals. Most of the infected Fe s> could be accounted for in the liver and blood, very little being 
detected elsewhere, including the inflamed tissues. 

A preferential diversion of iron to the storage depots, mainly the liver, may therefore be retponu . 
for the hypoferremia associated with infection. The relationship of this phenomenon to the ->c opre. 
of anemia is, however, still obscure, for the failure of iron utilization, in the face of amp e stores o f 
tentially available iron, remains co be explained. Other metabolic faults, as indicate > t - aut . 
may be implicated, for example a disturbance of protein metabolism involving the protein moitty 

hemoglobin. £ p. g. 

Atypical Anemia, with Spherocytes and Target Cells Coexisting in tub j v,(. Sc. 

Watkimm. From the Department of Pathology, St. Bartholomew s Hosp , 

The authors present a very interesting case which may represent so that 

response to some stimulus. The peripheral blood contained both s * ^ tS alte,«i 
lysis of red cells was just appreciable m 0.6 per cent saline, ha f F mjay ytologic absorb- 
incomplete in distilled water. Studies of bone marrow P*P~ 0 f opioid giaer 

ties. Granulocytic precursors showed a nucleic acid and a Kfto* 

stabs. Among the erytbroblasts there was a breakdown of cell, 

ment by abnormal multipolar spindles. During anaphase thet P w h!ch bile! to rsos- 

struct daughter nuclei. Hypoploid mitoses with as few as a dozen 
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of these were in tripol.tr mitosis. The marrow differed from pernicious anemia in that it was normo- 
blastic. Anatomic diagnosis at autopsy was: pneumonia (virus type), cortical necrosis of kidney, hyper- 
plasia of bone marrosv with mvcloid metaplasia in liver, spleen, and renal pelvic fat. 

O. P.J. 

Webs an-d Constricting Bands in the Upper Esophagus (Sideropenic Dysphagia). Af. A. Thsmas . 
Radiological Group, Cleveland, Ohio. Am. J. Roentgenol, y: 2.13-2.19, 1947. 

Four cases of dysphagia due to upper esophageal lesions arc reported. In 3, there were thin membranes 
just below the level of the cricoid cartilage, and in the fourth, an esophageal stricture. The authors point 
out that the lesion is frequendv missed because of its high location. Capsules filled with barium were 
swallowed and became lodged just above the membrane. The bands were cut with an csophagoscope 
with relief of symptoms. Three patients had a significant degree of anemia. The lesions were similar in 
appearance and location to those reported in a more extensive article by Waldenstrom and Kycllberg. 
Both authors felt that the lesion was a manifestation of iron deficiency and provided the anatomic 
explanation for the dysphagia of the Plummer- Vinson syndrome. 

C. A. F. 

Sur un caractere EssENTiEL de l'anemie pernicieuse (On an Essential Feature or Pernicious An' 
emia). AI. Lounau . From the Institut de Biologic physicochimique, Paris. Lc sang. 142.-146, 1946. 
TlTRAGE DU TACTEUR ANT1PERN1C1EUX PAR UNE METH0DE ElOLOGIQUE (TlTRATION Or THE ANTI-rERNIClOUS 

factor by a biological method). Af. Lourtau . Lc sang. C : 363-375, 1946. 

Sur la disparition du facteur antipernicieux dans le saturnissie experimental (On the Disappear- 
ance of the Antipernicious Factor in Experimental Saturnism). Af. Lomtau. Le sang, t: 517-513, 
1946. 

W e have collected these three articles concerning a study of the relations betsveen experimental saturnine 
anemia of the rabbit and human pernicious anemia. According to the author, anemia is easily obtained 
} intravenous injection of a water solution of neutral lead acetate at a concentration 3.63 Gm. per 
iter, this anemia has the following features: first hypochromic anemia, then hypcrchromic anemia, the 
g 0 u ar value being increased; the bone marrow shows a normoblastic activity. Even when the anemia 
is cure , the high hemoglobin concentration persists for some time. Oral administration of lead was 
oun to be more effective than injections, and the author gave 1 cc. of a 6.5 per cent solution every other 
V pl unn s u days. When liver extract was given to these anemic animals, there was a fall of the corpuscular 
vo ume, the intensity and the speed of which was quite specific. In the titration of liver extract one 
ThisT^ t0 t ^' C t ^ rcs ^ 10 'd of activity, and thus to determine the minimum dose which is active. 
th- S "" S ^ m > C ^° f tbe an ‘ ma l s i was independent of the experimental conditions, and was called 
chtom^ 11 U01t m ° St ' m P ortant f act was the sudden fall of the globular value (in the hyper- 

svas v a "? m,as as wc ^ as ‘ n the other types of anemia). This was more striking when the globular value 
is from ^ ’ but Was a ^"’ a F s P rcscn t when the globular value was above 0.14 per cent (mean value 

°ughtto b t0 °'^ CCnt ’ anc ^ ' c was ^ ar ^'S^er than any spontaneous fall observed). Each extract 
constant " tUratC ^ on at ^ cast 3 rabbits. The antipernicious titration of untreated rabbit’s liver is quite 
conccntrati'" 0 ' ^ C< ^. tbat ^' c ant 'pcrnicious activity is related to 1 gram of fresh liver extract (the global 
disann- n varying with the liver weight). The saturnine intoxication is associated with a complete 
qrj lus QCe 0 t ^’ c ant >pcrnicious factor which is persistent if not permanent, 
datacon titration method of the antipernicious liver extract is proposed. Although the 

anemia is u' tl . trat ’ on °f the hemoglobin are somewhat inadequate and although this experimental 
Worth ve fi ° aStIC atK * n0t me S a '°bIastic as in man, the importance of any new method of titration is 

precis,- . , tlon by more extcn dcd investigations (M. C. V., M. C. H., M. C. H. C., which are more 
prec. sc than the globular value). 

h J . P. S. 

DE La MolL r MIE EXP ^ RIMENTALE PAR tNAN-TION PROTEIQUE CHEZ LE RAT, LES ALTERATIONS DU SANG 

Anemia P rA ° SS y ESE ET DE LA RATE > les relations avec le cycle oestral (Study on the Experimental 
Their R c | • UCC b y f >rotc ‘ n Inanition in Rats. Blood, Bone Marrow and Spleen Modifications and 
gencrale 4 l °v t0 , tbc ^ vo ' ut ‘ on °f the Estrous Cycle). A. Aschhna^y. From the Institut de physiologie 
aCU tES c ‘ c Strasbourg et de Lyon. Lc sang. 1: 34-61, 1946. 
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Ten White rats were fed a protein-free diet; they showed the following symptoms- a fall „f ,h- f, 
globtn beginning on the « day; a severe anemia by the 38th day, after 
weight, a few normoblasts at first and then more numerous normoblasts in very anemic mfa Hi! 
pema, with neutropenia, and an alteration in the lymph ocy'ics. ' ' ^ 

There was a normoblastic hyperplasia of the bone marrow, and a splenic atrophy, which was tat-h 
ore frequent than liver atrophy (65.5 per cent). There was some alteration of the cstrous ode (irrtta- 
ianty, then interruption) earlier than the blood injury. 

There are 60 bibliographic references. 

J. P. S. 


La Methionine dans le Traitement des Anemies (Methionine in the Treatment or A.vtwu). 

A. Gadjos. Travail de la clinique media le dc i’Horel Dieu; Pr. H. Benard-Faculte df Mcdcu'ne de 

1 'Universite de Paris. Revue d'hematologie 1: 117-141, 1941. 

The author begins with an historical review of methionine, its activity and its metabolism. He snadr 
the following experiments; Every' day' for 17 days carbon-tetrachloride was injected subcutaneously into 
9 rats; the dose was increased from 0.05 cc. to 0.9 cc. and the rats were fed only on wheat. Three of the<c 
rats were kept as controls; the others were in jeeted with 15 to 30 mg. of methionine each day. in spite ol 
the well-known activity of methionine, the rats did not appear to be protected against liver injury: 
the)' became icteric about the fourth or fifth day. The histological examination showed a matted fatty 
degeneration of the liver , the same as in the controls, and an identical amount of lipids in the liver. 
On the other hand, erythropoiesis was quite different in the two scries: the control tats had a matted 
anemia, but there was no anemia in the rats treated with methionine. Another experiment (8 rats) 
gave the same results. In a third experiment, to rats were given a cirrhogenic diet rich in lipids and low in 
proteins, plus too mg. of t. -cystine a day. In this experiment the protective activity of methionine on the 
liver was evident, the activity on erythropoiesis still frank, only the controls were anemic after the third 
month. In man, the author gave 1 mg. of methionine each day for 1 to 4 weeks to 10 cases of anemia of the 
following types: 4 severe macrocytic anemias, l pernicious anemias, 4 normochromic normocytic anemias. 
The results were as follows: no improvement in the pernicious anemias; but in 7 out of the S other cases 
there was a notable or striking improvement: a moderate increase of the reticulocytes about the fifth 
day (4 to 8 per cent), an average gain of 1,100,000 red cells in two weeks. This red cel! increase nas ac- 
companied with an abatement of the serum iron and scrum copper. 


Application of the Radioactive Red Cell Method for Determination of Blood \ olume in Hi m. 
G. R. Mtneilj, E. B. Wtlis, and P. F. Hahn. From the Departments of Medicine and Biochemistry, 
Vanderbilt University School of Medicine. Am. J. Physiol. rjS: 53 1 - 537 ' . _ . 

In addition to other uses, radioactive iron promises to provide a direct metb 0 
volume of the blood, in contrast to the present dye methods, ail of which are wdirxt. • ■ 

depends upon the injection of a known amount of radioactivity, and the subsequent etc • 
minutes later) of the distribution of the radioactivity in the blood of the recipient. 1 - 
active iron is lodged within red cells, the mass of red cells can thus be calculated 

cion for a "mixing phase" is necessary. „„•] t j, ;ir blood bad 

The authors gave Fe 5s to volunteer, recently phlebotomized I normal mi Did I I ^ 

a radioactivity of 1000 counts pet minute pet mi. of blood volume 

as required. Freshly drawn derated radioactive blood was then injected P j j wo ,v : 

same individuals. After 15 minutes to allow for mixing, «« ' ' ^ „ dioja iv.ty (whole 

determine che total blood volume. ra< j; 0 ictiviry method was -1 pet c - » 
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result, since an error of unknown magnitude is introduced during the mixing phase of the Evans blue 
by phagocytosis of the dye by reticulo-endothclial cells. 

This paper confirms the existence of the discrepancy between the two types of determination of blood 
volume. The authors justifiably recommend caution in the use of indirect methods for this determination. 

S. E. 


HEMOGLOBIN, HEMOGLOBINURIA, AND BLOOD 
PIGMENT METABOLISM 


Plasma Protein and Hemoglobin Production. Deletion or Individual Amino Acids irosi Growth 
Mixture of Ten Essential Amino Acids. Significant Changes in Urinary Nitrogen. F. S. 
Robscbeit-Robbins, L. L. Miller , andG. H. Whiffle. From the Department of Pathology, The University 
of Rochester School of Medicine and Dentistry, Rochester, N. Y. J. Expcr. Med. Sj: ' 9 T 7 - 

This paper and the following two papers arc concerned with studies on dogs with "double depletion" 
(anemia and hypoprotcinemia) produced by blood removal and a low or nonprotcin diet plus abundant 
iron. Blood protein output and urinary nitrogen balance were measured in such dogs after feeding standard 
growth mixtures of essential amino acids and mixtures lacking one of the essential amino acids. It was 
found that tryptophane and to a less extent phenylalanine and threonine when returned to the amino 
acid mixture were associated with a preponderance of plasma protein output, while arginine, lysine, and 
histidine were associated with a preponderance of hemoglobin output. 

The average figure for production ratio (protein output to intake) was 15 per cent when an essential 
amino acid was deleted from the complete mixture, 19 per cent when the complete aminoacid mixture 
"as administered, and 15 per cent when a good diet protein was fed. It is suggested that, when given 
"hole protein, the severely depleted dog demonstrates a flow of protein-forming materials to organ 
tissues to replete these stores of protein before the production of new hemoglobin and plasma protein 
gins. It is further suggested that from tissue protein lost on feeding amino acid mixtures come materials 
" ic accelerate production of hemoglobin and plasma protein in depleted dogs. The amino acid mixtures 
are conserved and the urinary nitrogen shows a positive balance. Some of this amino acid material prob- 
3 ) goes into new-formed blood proteins, and "raiding” of body protein stores probably comes into 
is reaction as the intake of protein or amino acid decreases. 

L. E. Y. 


E HA AND HypOPROTEINEMIA. WeIGHT MAINTENANCE EFFECTED DY FOOD PROTEINS DUT NOT DY MIX- 
TURES OF Pure Amino Acids. L. L. Miller, F. S. Robscbch-Robbins, and G. H. Whipple. From the De- 
partment of Pathology, University of Rochester School of Medicine and Dentistry, Rochester, N. Y. 

Thtuth^'^ 167 " 75 ’ 1947 - 

, a . Ut ors s ‘ 10 "'ed that in doubly depleted dogs good food proteins in adequate amounts maintain 
Jn d^ lasm 3 St . r ° n ®^' P osulvc nitrogen balance, and produce considerable amounts of new hemoglobin 
produce 1 ^ BroteIn ' ^ n d cr comparable conditions mixtures of the pure amino acids essential for growth 
m aintain a bo<j amOUntS neW Bemo S* oB ' n an d plasma protein and a positive nitrogen balance but do not 
nrn,.:— l !_" el 8ht. It is concluded that some unidentified substance or compound present in certain 


Putins but absent 


Cj Fonse of the doubly depleted dog. 


in mixtures of essential amino acids may be responsible for the differences in the 


L. E. Y. 


Bo °t Tissue Protein 


to Form Plasma Protein and Hemoglobin. What Is Premortal 


ith ] R1NAI 1' Nitrogen? G. H. Whiffle, L. L. Miller, and F. S. Robscbeit-Robbms . From Department 


Rise 

Med s ’ l4niversit >' °f Rochester School of Medicine and Dentistry, Rochester, N. Y. J. Ex per. 
I„ thi/’ 0 17 - 6 ’ 1947 ’ 

of from 50 to j' 00 stuB f on doubly depleted dogs the authors report a blood protein production 
demand f ot ^° f CVer ^ kilogram of weight loss. Body and tissue protein are raided to fill the 

rium between cm °S* oB * n and plasma protein — an illustration of the ebb and flow or dynamic equilib- 
k!°odpro tc j n ° r ® an ? r t ‘ ssue protein and blood proteins, with the latter having priority. The largest 
tput is observed when weight loss is most rapid. A premortal rise in urinary nitrogen was 
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not observed in these studies. It is suggested chat this phenomenon which has be*n rr™ j ■ i 
fasting experiments by other investigators, may be due to terminal iniSit ? 

L E. y. 

Trea-tmeot 0P Paioxtoul Hemoglobinuria with Penicillin. Report or a Case l r run , r 

ow, a «„, „ A „ e „ a , &orei , Am j ^ ^ TCSXgft*" 

It generally stated that no treatment exists for the paroxysmal hemoglobinuria uJ'Ju !th 
tcrtiarj syphilis but that treatment of the syphilis may be beneficial. The efecs of such tbcnpv rrruh 
rather dubious. In the present note, the author reports the use of penicillin for this purpose. 

The patient was a i6 year old soldier who had roo episodes of chills, fever, abdominal pain h-iirt- 
and dart ur,ne~^l ways after exposure to cold-in one year. There were no history or physical fiejian 
of syphilis, but the V, assermann and Kahn tests were positive, and a Donath-Landsrriner hemolysin wa, 
demonstrated in the serum. Immersion of hands or feet into cool avatcr invariably produced hemorlobi- 
nuria. ' 

Since treatment avith bismuth had already been employed without effect, penicillin was tried, 3.6 
million units being given in ten days. During the following month, there were only two paroxysms, acd 
these were mild and not associated with systemic symptoms. This was an unusually small number of 
episodes for the patient. Cooling of the extremities, however, still resulted in hemoglobinuria, although 
without constitutional symptoms. 

As the author points out, no definite conclusions can be drawn from this incomplete case. It is prob- 
ably doubtful if the fundamental serum abnormality can be affected by antibiotic therapy. 

S. E. 


A Stud v or the Mechanism or the Methtlenz Blue Test roa Bile Pigment in Urine Patf.si inov or 
a Compound op Methylene Blue and Bilirubin. /. G. Rtmbold and C. B. Fneltr. From the University 
of Pennsylvania Nutrition Service and Biochemical Laboratory of the Philadelphia Genera! Hospital, 
Philadelphia, Pa. J. Biol. Chcm., 167: 401-406, 1947. 

This paper would appear to explain the disagreement over the methylene blue test. In alkaline solu- 
tions, bilirubin was found to react one equivalent of bilirubin to tsvo equivalents of methylene blue to 
form a green compound, the spectral characteristics of which resemble closely the mixture of the reacting 
pigments. However, the pH of urine is seldom alkaline enough to bring about this reaction. The authors 
concluded that the methylene blue cest for bilirubin in the urine depended primarily on color blending. 

C. A. F. 


BLOOD GROUPS, THE Rh FACTOR BLOOD TRANSFUSION 

The Rh Blood Groups. R. R. Race. Schweiz. med. Wchnschr. yf.- 911-915, 1046- ... r i 

This paper, which is written in English, reviews briefly the contributions of Lesin-, n twin. ’> 
Weiner in initiating study of the Ah blood groups and then concerns itself with ibtitmb#*" 
er's theory of the composition of the Rh-chromosomc and the iubc.itanrt 0 t - " ' ^ 

theory postulates three loci on the Rh chromosome, each locus has ing two a e 0 orp 
clature and its equivalent in the usual American terminology are as follows: 

Rho = D; allelomorph is Hr 0 = d 
Rh' C; allelomorph is Hri = c 

Rh' = E; allelomorph is Hr' = e dividual Act 

Two chromosomes, each with its three loci, determine the Rh -toLpfe 

individual's Rh status, correspondingly, can (and must) be represente _ > hrcDr C 



called D u , is 
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these subgroups have recently been discovered in England, and the irregular reactions provoked by their 
presence in certain individuals have been made comprehensible by Fisher's simple picture of the Rh 
chromosome. 

This short article by Dr. Race summarizes excellently the fundamentals of Rh knowledge as they are 
known today. The reasonableness of Fisher's postulates is confirmed by the statistical data presented. The 
use of the Fisher terminology commcndablv simplifies the discussion of the ‘‘Rh" problem. 

S. E. 


Substitution Transtusjon: A New Treatment tor Severe Erythroblastosis Fetalis. //. WtUniU'nu 
From the Department of Hematology, Jewish Memorial Hospital, New York City, and the Laborator- 
ies of the Queens General Hospital, Jamaica, N. Y. Am. J. Dis. Child, -y 19-33, 1 9 - 17 - 
The procedure described is that of removing the infant's blood from the longitudinal sinus through the 
anterior fontanel and replacing it with Rh negative blood given through a cannula inserted in a superficial 
vein of the arm. After about 50 to 60 cc. of blood have been removed by syringe, an equal quantity of 
Rh negative blood is administered. When this type of exchange has been repeated at least five times, the 
needle is removed from the fontanel and the infusion in the arm is continued until about 75 to 10 o cc. of 
blood are given in excess of the amount removed. At the end of this procedure it can be shown by differ- 
ential agglutination that only zo to 15 per cent of the infant's original Rh positive cells remain. 

The objectives of substitution transfusions arc to remove the products of hemolysis and to prevent 
their formation in excessive amounts by the removal of the Rh positive erythrocytes before they arc 
estroyed in large numbers by the maternal antibody. In this way it is hoped that the incidence of hepatic 
zmage and kernicterus can be minimized. Seven of the 9 patients cited in this report responded satisfac- 
torily, and it is the author's opinion that the z infants who died might have recovered if treatment could 
ive been instituted during the first Z4 hours of life. 

Substitution transfusion is recommended chiefly as a prophylactic procedure to be applied during the 
su icteric period immediately after birth. History of erythroblastosis in a previous infant is emphasized 
as t e principal indication for its use, but due consideration is also given to serologic data, especially a 
fsing titer of maternal antibody. 

The results of substitution transfusion thus far reported by a number of investigators are encouraging, 
cedurc'TR 5 °* 5V ‘ 0US ncc< * ^ or ftirchcr critical evaluation of the efficacy of and indications for this pro- 
c - e technic described by the author is relatively simple and, in experienced hands, this form of 

therapy should be safe. 

L. E. Y. 

T 

GrWf OF ^ RVTHRODLASTOS15 ^ ETAUSWITn ^ XCHANGE ^ RANSrU5ION ' / *' T- B. Wtxltr, anilT. H. 

t . ^ rom th c Transfusion Division and the Departments of Pediatrics and of Gynecology of the 
The tech °' S ^' ta * Brooklyn. Bull. New York Acad. Med. 2}: zoj-xzo, 1947. 
the ankle "'m * nv °lves injection of the donor's Rh negative blood into the saphenous vein at 

to preve ' W | U • raV ' a ' t ^ lc tnfant's blood through the radial artery at the wrist, and the use of heparin 
■n order toaU^"^ ^ ’ n ^ aDt s Blood. The transfusion is kept about 50 to 75 cc. ahead of the bleeding 
5°tc the ° W 3 mai T’ n °‘ safet y> But the total amount injected is not allowed to exceed by more than 
one half the withdrawn. The modified technic recommended also calls for replacement of 

■nainine i i° n ° r S i^ asma ' w * t h saline in order to minimize ‘ ’conglutination” of the Rh positive cells re- 
°f a to" 1 ltlfant S circ “Iation. 

recovery Detail^ * n ^ antS treaK< ^ By this method, many of them critically ill, all but 1 made a prompt 
In t casc ^ 1 s arc 8 lven concerning z cases, in both of which a 90 per cent replacement was effected, 

lent antibodi" 13101 ^ 03 * SCrum conta i n cd univalent Rh antibodies in moderate titer, and in the other bi va- 
circulation from'h^ ^ rCSCnt * n Bif?B t * ter - fti the former casc Rh positive cells were absentin the infant’s 
explain the short ^ t0 ^ ^ a T s ’ ant ^ ‘ n *B e latter from the 5th to the 15th days. The authors 
pothesis that bi^'l^” 0 ^ ineffectual regeneration” of erythrocytes in the second case on the hy- 
rrtnoved by exch 3 ^ antl ^ ot ^' es entc r the infant's circulation mainly during labor and arc largely 
infant's circulati uan ^ us ' on - Univalent antibodies, on the other hand, are thought to enter the 
°n continuously during the latter part of pregnancy and to permeate tissue fluids in such 
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l rv hat th V are T nmy rmd by tVChan S c mn ^ioo. It will be Of interest to c- •« v, 
hypothesis can be substantiated by further observations following exchange llZ 

l. E. V. 

Etudes Stat.st.ques (Cuniques et Sebologiques) sur j 0 Famous Airostra de Malawi: Hr urn- 
tique do Nouvea u-NE (Statistical Studies, Clinical and Seroiooic, on 50 Families vm H,v> 
lytic Disease ofthe Newborn). Af. Barir. Travail du Centre National de Rechcrchcs Hemotolortcrei 
ct de Transfusion Sanguine (Hopital St. Antoine, Paris). Revue d 'Hematologic f.-tf;-u o, ,$rf. 
The author studied 1x5 gestations in 50 families; each case is illustrated by a chart. The statistical 
results are che following: 30 percent ofthe children were uninjured (first-born or bom of a heteroti gomai 
father). Of the 70 per cent injured: 10 per cent anemic, 40 percenr icterus gravis, 50 per cent hom'd:; i re 
abortive. Of those bora dead, 41 per cent showed hydrops foetalis. Of those with icterus gravis, 13 pet 
cent showed evidence of nuclear icterus. When the first-born child was affected, one could almost ahiaii 
find a previous sensitizarion of the mother by blood transfusion or hetcrohemotherapy The studv of the 
mortality in the various forms shows: hydrops foetalis 100 per cent; icrcris gravis in general 71 per tent 
(but the percentage of death varies with the treatment: 56 per cent for the untreated rases, 57 per rent if 
treated with blood transfusion of unknown Rh type, 37 percent if Neared with transfusion of compaiiM: Rh 
blood). Cases which were only anemic: no deaths. Four cases of cirrhosis of the liver and 1 cast of scltfv 
cystic degeneration of che kidneys were observed. The serologic data are the following: 91 per rent rf the 
cases are due to an Rho or Rh' iacompacihiltcy; 4 per cent to an Rh" incompatibility; 4 per cent to an Hr' 
incompatibility. In these 50 families, 34 pier cent showed an A.B.O. incompatibility (much more Ire 
quent than is normal). In 8i per cent of the cases an anti-Rh antibody was found in the mother's serum. 
This antibody was anti-Rh 0 in So per cent, anci-Rh’ in 14 per cent, anti-Rh" in 4 per cent, anti-Hr' in 
1 per cent; it was an incomplete antibody ia 15 per cent of these cases. In a casts the antigen appeared 
only after a biologic reactivation by smell injections ofRh blood. Between the nth and thejeth dais 
after the end of the pregnancy, the antibody was found in 93 pier cent. This number falls to S} per cent 
from one month to one year, and to 33 pier cent after one year. Five times in S examinations, agglutinins 
were found in the milk. 

J. P. S. 

L’Antigene O dans Ses Rapports avec la Genetkiue et la Serolooie (The Antigen- 0 . In Relation! 
with the Genetic and the Serology.) jP. Mor rati. Revue d Hematologic I: ifS-if,, ijpf- 
The author makes the following statements on the basis of his divd experiments and publicana-s m 
the subject. The antigen O is not specifically human but is heterogenic. It bears no " !juon 

(recessive) gene. If is diversely distributed in the various red cells O, Aj, Aj, B, A0, w A • ^ 

entiation between homo- and heterozygous A or B is still impossible. The anti 0 agg ^ 

appear in human plasma except in very rare circumstances. Practical iy, the study of antigen ‘ / - 

new possibilities for a better diagnosis of the subgroups A and for the control 0 unnetsi ‘ ^ 

also useful for the study of some transfusion accidents and has some mcdicolega app 1 
these reasons the antigen O is not without theoretical and practical interest. p 5 


Intectious Hepatitis in Relation to Blood Transfusion. F. E. Sertv'U. Bull. u - S - A; 

By^questionnaire, a survey was made of 1761- P«ient* ^'a/the tte of tbeir hub 

pitall Five hundred of these patients had received either blood P hepatitis ibmni 

injury. In the nontransfused patients, the interval between ,«./«** 

importance of blood products as a cause of hepatitis. CA 
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LEUKEMIA AND LYMPHOMA 

Lymphomas and Leukemias. L. F. Craur. From the Memorial Hospital, Nesv York, N. 'l . Bull. New 
York Acad. Med. 2;: 79-100, 1 947- 

The author presents an excellent appraisal of current knowledge of lymphomas and leukemias, with 
particular reference to diagnosis, prognosis, therapy, and relationship to the general problem of malig- 
nant diseases. It is emphasized that tumors of the lymphatics and hlood-forming organs arc important 
because(i) they are collectively responsible for over 6 per cent of all deaths from malignancy, (1) they 
strike the younger elements of the population, (3) their range of morbidity brings them within the scope 
of every kind of practitioner, and (9) they lend themselves well to clinical investigation of cancer and 
trial of new therapeutic methods. The author stresses the fact that proper therapy may be not only 
palliative but also life-prolonging, and he sees some promise of curability in certain types of Hodgkin’s 
disease and lymphosarcoma. 

L. E. Y. 


Partial Maturation of Leukemic Myeloblasts Following Fresh Plasma Transfusions. ]. L . Schu ' wJ . 
From the Department of Anatomy, University of Cincinnati. Am. J. M. Sc. 21 j: 170-175, 1947. 

After first redefining the myeloblast and myelocyte A as seen in supravital preparations. Sell wind very 
carefully studied the changes in leukemic blood from 1 patients following various transfusions. Fresh 
normal blood plasma produced a partial maturing effect on the myeloblasts. The causative substance was 
not present in gamma globulin or in dried plasma. 

O. P. J. 

EirEcrs of Radioactive Phosphorus (P 32 ) on Normal Tissues. HL K. Platt. From the Department of 
Pathology, Washington University School of Medicine, St. Louis. Arch. Path. sj: 1-14, 1947. 
Changes produced by the radioactive isotopy of phosphorus (P 32 ) were studied in tissues from 43 
cases, the diagnoses of which included acute leukemia, chronic leukemia, Icukosarcoma, aleukemic leu- 
cmia, Hodgkin s disease, multiple myeloma, lymphosarcoma, melanoma, and Ewing's sarcoma. Radio- 
activity of bone marrow, liver, spleen, kidney, muscle, and lymph nodes was determined. Tissues which 
«u ize phosphorus rapidly have a high content and take up higher concentrations of radioactive phos- 
P orus. Normal as well as diseased tissues arc affected. Radiophosphorus has a marked sclerosing effect 
c one marrow. Of the various immature marrow cells, megakaryocytes were the most sensitive — 
0 2 c extent that they were either degenerated or completely absent. 

O. P. J. 

heChangini; Concept op Myeloma of Bone. E. Atgtrtcr and R. Robbins. From the Departments of 
t o ogy and Radiology, Temple University Medical School, Philadelphia, Pa. Am. J. M. Sc. 213: 

I0L-I89, 1947. 

this J’ ears t ^ crc h* s been a tendency to modify the concept of myeloma. Three clinical subtypes of 
d at b 0 ^ CaS ^r, 1VC k Kn su £6 cs ted. The classical type is a multicentric tumor involving the red marrow of 
Yolven) CS ' C 0t ^ Cr 9 T CS ^ avc e *thcr a single focus which eventually becomes multiple or a diffuse in- 
m )„onia- t s,niu taneously of all red marrow. The present authors recognize two cytomorphic types of 
from the 0nC ^ ^* asma cc ^ tyf* a °d the other a myeloid type. The origin of these tumor cells may be 
CJ senom I l>aK!ot ht'ial system. In 5 of the 13 eases, aspirated sternal marrow was examined. In 1 
leases were d” 30 '" 5 encounterc ^- 1° the other eases tumor plasma cells were present, even though 
iRgnosed on sectioned tissue as the myeloid type and 2. as the plasma cell type. 

O. P. J. 

Teiiiuria M T D ^ myloidos,s with Macroglossia; a Syndrome Related to Bence Jones Pro- 
... AND Iyeloma. L. A. Bruns ting and I. D. MacDonald. From the Mayo Clinic, Rochester, 


loid 


Minn D V A - Bruns ting and I. D 

T947. 


■wuiosis and *** P rescnte d t0 show the interrelationship between primary ’'systematized” amy- 
<!ysp nca weakne ^ t0nia ® encc ‘J ones proteinuria. The patients had symptoms of muscle pain, 
CSS ’ an ^ ' n 3 out of 4 there was macroglossia. Three cases gave a positive Congo red test 
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C. A. f. 

Cash op Sarcoma i of Stolen Simulating Splenic Tumour. B. Wolma«. From the Within*, on fWhal 

Manchester, England. Brie. J. Surg. }4 , 3x1-313, r 947 . S 

Sarcoma of the stomach is a rare tumor, comprising some 1 per cent of all gastric tumors (Esvtne 
154°;. The association of a macrocytic hyperchromic anemia with sarcoma is an even rarer occurrence! 
t ts a coincidence that two reports of this combination should be published within a few months, ft: 
first was that of Schindler et al. (Surg., Gynec., & Obst. It.- 135-51, 1536), in which 1 patient with leio 
myosarcoma of the stomach was first seen because of a typical picture of pernicious anemia, even inefoj. 
ing rcticulocytosis on liver extract therapy. These authors wondered whether, in this ease, pernicious 
anemia had antedated and led to sarcoma. 

In the present paper, another instance of gastric sarcoma and ''pernicious anemia" is reported. A 
woman aged 34 was found ro have a render tumor in the left mid-abdomen, which was rhou*ht m tc 
spleen. Laboratory studies demonstrated a macrocytic hyperchromic anemia typical of pernicious anemia; 
gastric achlorhydria ; and an increased number of megaloblasts in the bone marrow. There was, howtvtt, 
no response to liver therapy. At operation and subsequent autopsy, the tumor was found to be a spindle- 
cell sarcoma involving the scomach, omentum, mesentery , and peritoneum, and apparently primary in 
the stomach. The spleen was normal. 

The relationship beeween carcinoma of the stomach and pernicious anemia is well known. Carcinoma 
is prone co develop in a patient with pernicious anemia and, conversely, a macrocytic hyperchromic 
anemia may be the presenting complaint in carcinoma of the stomach. The common denominator ii con- 
sidered to be the atrophic gascric mucosa, a "precancerous” lesion. Since sarcoma of the stomach is a 
subepithelial lesion, and therefore not based upon the atrophic gastric mucosa, a relationship to mseto- 
cycic hyperchromic anemia would not be expected to occur. It is possible that some other type of mechan- 
ism must be postulated for this combination; or, perhaps, that the accepted mechanism lot carcinoma 
needs modification. There is also the possibility that this combination is merely coincidental. 

S. E. 

The Use of Nitrogen Mustard in the Tkeatment of Lymphomata. L. K. A/fot arJS, S. Pttmtn. Pull. 


U. S. Army M. Dept. 7: 187-154, 1547. 


per kilo daily tot 


Methyl bis beta-chloroethylamine hydrochloride was given in dosage of 0.1 mg. pet kt 
four-day periods to 13 patients. These included 15 cases of Hodgkin s disease, 1 case of bmp 
1 case of chronic myelogenous and t of chronic [yraphacyric leukemia, i reticulum ccUsiKomn. 
carcinoma in the lung. The only condition that responded satisfactorily was Hodgkin a »• ' ' 

were no serious complications of therapy. The average duration of remission appearc to ^ ^ 
months. In this report there is nothing to suggest any superiority of this form 0 
expected response ro x-ray. p A. F. 

Histoplasmosis in Infancy. M. Urns and H. M. Ki"b. From the Mayo Clinic, Rochester. MmmJ- 

' Pediat. 70 : 113-12.8, 1547- ...... manifested by the 

This rcporc concerns the case of an infant with a fatal illness w Jeutopenia, and J h .'T > 

development of weight loss, fever, hepatosplenomegaly, >'”P hj j ct 'J ’ ^ b) . dwdemonsrrit.cn. 
chromic, macrocytic anemia. A clinical diagnosis was esM d a * ' ^ .J ' aijmstcr> ci:b w.th 
in a bone marrow biopsy specimen of encapsulated but must were contained n 

a central dark chromatin mass. A few extracellular forms were dt , vc! ) ill«w- 

maturc neutrophiles, eosinophilcs, monocytes, and megakaryocyt -J& ^ culuratrd f:^ 

“ cl ».« pta, Th. tap. 

Z pptiptal Wool. “> 1 r 

plates containing added streptomycin. 
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Histoplasmosis, the authors emphasize, deserves serious consideration as a diagnostic possibility in 
eases with obscure fever and features suggesting a Ivmphoblastotnatous disease. 

C. P. E. 


AGRANULOCYTOSIS 

Agrsxulocytosis in Childhood. Report or a Case svith Serial Done Marrow Studies. E. Eruck. Fiom 
the Children's Hospital Research Foundation and the Department of Pediatrics, University of Cincin- 
nati College of Medicine, Cincinnati, Ohio. Am. J. Dis. Child, -y 186-194, 1947. 

A well-studied case of agranulocytosis of unknown etiology in a 1 year old girl is presented. The child 
recovered despite the fact that the number of granulocytes in the blood varied between o and S4 per cu. 
mm. for n days and the illness was complicated by pneumonia and severe stomatitis. At the height of 
the disease, hypoplastic bone marrow with lymphocytic reaction was found. Although penicillin, blood 
transfusions, crude liver extract, and pentnucleotide were used in this case, the author stresses the now 
accepted fact that prevention and treatment of infection arc of paramount importance in the management 
of agranulocytosis. 

This is the second case of acute or Schultz type agranulocytosis in a child reported since 1937. All 
other cases in children reported during the past ten vears were due cither to sulfonamide compounds or 
to severe and protracted purulent infections. There were no children in Plum's series of 88 eases and he 
accepted only 9 cases of agranulocytosis in children reported in the literature up to 1957. 

L. E. Y. 


BLOOD COAGULATION AND HEMORRHAGIC DISEASES 

Chemical, Clinical and Immunologic Studies on the Products or Human Plasma Fractionation. 
XIII. The Coagulation Defect in Hemophilia: the Ettect In Vitro and in Vivo on tup. 
adulation Time in Hemophilia or a Prothrommn and Fibrinogen-Free Normal Plasma and 
Its Derived Protein Fraction. J. H. Lems, J. P. Soulier, and F. H. L. To) hr. From the Thorndike 
emorial Laboratory, Boston City Hospital, and the Department of Medicine, Harvard Medical 
hrhool, Boston, Mass. J. Clin. Investigation, a/.- 876-879, 1946- 
material suitable for intravenous injection was prepared by heating a fraction of normal human 
j ^ actlon f), in which the clotting factors arc mainly concentrated. The resulting product, tested 
wh ‘ n V ”°’ " as ^ oun d to have lost none of the antihemophiliac potency characterizing Fraction I 
com | Un . Catc< *' ^ nasmuc h as fibrinogen, prothrombin and all formed elements, including platelets, were 
substa^ ^ rcmovc ^ ky the heating process, further confirmation was obtained of the fact that these 
added l”' n °? rcs P on5 ible for the clot-promoting properties of normal plasma when the latter is 
practical ' IDt 4 5 k^j ac blood, or when administered to patients with hemophilia. From the viewpoint of 
be in e PCUt ‘ CS > K 1S reasona ble to infer that an improved substitution therapy for this disease may 
spect, one safer, more convenient and efficient than whole blood or plasma transfusion. 

C. P. E. 

Medic' AN1 . Si ' or Hemostasis. L. M. Tocantins. From the Division of Hematology, Department of 
Tbe author CrS ° n College, Philadelphia, Pa. Ann. Surg. is;: 191-310, 1947. 

mcc hanism of J ,rCSCntS , a wc ll-illustrated, expository review and a coherent working concept of the 
blood loss r rI' C ° Stasls ' "bbe cxcravascular, vascular, and intravascular factors concerned in checking 
°fhcmostisis ■ COnC ' Scly ' ^ *‘ st ‘ s S‘ vcn of the probable order of importance of the components 

from arteries a d VCSSC ' S ’ vascu Mr contraction being rated most important in checking blood loss 
''tins. General*!! ™ te ? lo ^ cs ’ cxtcrna l compression in capillaries and venules, and platelet massing in 
' cs scls win be ff C ' lons arc t * lat GO nature of the defect in hemostasis largely determines what 
°nc or two factor^' ' ^ ^ a '' ure of spontaneous hemostasis may not necessarily follow a deficiency of 
on tho-^ factors 0 ** pf0V stresscs arc moderate and exerted chiefly on vessels not wholly dependent 
■^plicate S W C " tCp biemorrhage, and (c) most methods of arresting blood loss are attempts to 
' «ops of the natural mechanism of hemostasis. 


L. E. Y. 
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Wmbnt or Two React, ons Due to Gold. Response 0 t Theomeopentc P mntlL avb G, 
topenia to BAL Therapy. L. M. Leeks, n Af aw„„ , , ... _ A!-D g *'Wu*t- 

Buffalo School of Medicine, and BuffaloGcneral Hospital^ A ' M* A ‘ 

ML (British Anti-Lewisite; a, 3 dimercaptopropanolis 
of toxic reactions caused by arsemc and mercury, with excellent results. The trial oi this 
poisomng due to other metal), c substances was therefore to be expected. Apparently, the toxicity cl ff-y 
elements depends upon them inactivation of sulfhydryl systems, and the efficacy of BAL is Wis«j‘, ( 
be due to irs abjJit) r ro reactivate these systems. 

In the present report the authors discuss z patients with rheumatoid arthritis who dcntloml h;n,r> 
logic abnormalities during gold therapy. The first patient showed thrombocytopenia with btakt 
into the skin, gums, and brain. After unsuccessful use of transfusions, liver extract, folic acid, ><W rK- 
acid, and vitamin K, therapy with BAL was instituted, with a prompt remission of the thrombocvto'xei, 
and subsequent complete recovery. In the second patient, granulocytopenia developed during roll then 
apy, and responded co treatment with BAL. 

The same issue of the J. A. M. A. contains two other reports of the use oi BAL to counteract urinai 
toxic gold reactions, chiefly dermatitides (pp, 749-751; 751-755). In one of these reports it was found that 
an increased excretion of gold svas present during therapy with BAL, and the suggestion was male chat 
BAL removes the gold which is inactivating sulfhydryl systems and allows its excretion from the hds. 
With reactivation of these systems, toxic reactions disappear. It is of interest that the same physiologic 
abnormality seems to produce various types of toxic reaction, including disappearance of megabryix) its 
and granulocytes in the bone marrow. 

S. E. 

Is Prothrombin a Unitary Principle or a Complex? E. C. Loomis and IV. H. Siiyrs. From the Research 
Laboratory, Parke Davis and Co-; and Wayne University School of Medicine, Detroit. Am.J. Physiol. 

563 - 5 6 7 . 1547 - 

In 1945, Seegers, Loomis, and Vcn denbelt isolated prothrombin and demonstrated that it svas a bnmn- 
geneous protein (Arch. Biochem. 6 : 85-95, r 945 ^- After detailed investigations, they were unable infol 
two separate prothrombin factors. The substance which they isolated was, in itself, both chemically ar.J 
physiologically complete. They were at a loss, therefore, to understand the occurrence of two separable 
components, prothrombin A and prothrombin B, as postulated by Quick; although they were able w 
confirm his results when using his own methods. In an attempt to determine wherein the error in inr.r 
pretation might lie, further experiments tvith plasmas were undertaken. 

The present report, which details some of these investigations, demonstrates that prothrombin 
is in reality fibrinogen, and that "prothrombin B” corresponds to pure prothrombin, which is a *> n S * 
compound and not a mixture of two complexes. There were three critical experiments. ^ ^ 

(1) Stored beef plasma retained its prothrombin potency' when measured by the two-stag, t.u 
Warner, Brinkhous, and Smith (Am.J. Physiol, it,: 667, i? 4 °)> itemed to lose it withm a wee^- 
measured by the Quick test. Apparently, then, the amount of prothrombin svas constant, 

diminished with time. allowed to stand, 

(z) When prothrombin was quantitatively inactivated in plasma which was 1 ^ 

the prothrombin content increased to a normal value in eight days by the tsvo-stage .meat •• ‘ - ^ 

tnained absent by the Quick rest. The addition of fresh prothrombin-free plasma , usofljH: 

stage assay, but changed the Quick value to aco per cent Again, ^ ^ 

that fresh plasma added something needed to activate prothrombin M F ^version law 

determination measured, not the amount of prorhromb.n present, but the 

thrombin. 


(3) The addition of fibrinogen in the latter experiment, in place of pn 
had an effect similar to that of the fresh plasma. 

The conclusions are reached that, in Quick's assay method, fonnogc J [ ft ««*.. 

true prothrombin ("prothrombin B") was the compound tacit **«*;•* 

that the postulate that prothrombin is a umon this conclusion, and 

"valid The authors discuss in detail the reasons for Qmck s armal 


thrombin-free teb 

othro-mbin A' ) 1: -‘ c * 
;erator : 

itself, i 
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deductions since published on the basis of the concept that prothrombin is a complex substance. Their 
demonstration of the unitary nature of prothrombin is completely convincing. 

S. E. 

The Importance of Blood Changes in Coronary Occlusion. IK. Af. Cameron, J. II. II. Hilton, S. R. 
Town will, and E. S. Mills. From the Department of Medicine, the Montreal General Hospital, Mon- 
treal, Quebec. Canad. M. A. J. j6: 163-167, 1947. 

In 15 patients suffering from coronary occlusion the authors found no constant changes in blood 
volume, circulation time, coagulation time, prothrombin concentration, or coagulability of the blood 
as measured by a modified Waugh-Ruddick test. Plasma proteins were within normal limits in all cases, 
but 6 of 15 patients showed significant hemoconcentration on admission. 

It is unfortunate that the scries reported is too small to justify definite conclusions. 

L. E. Y. 
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Lt Malattie del Sangut. By A. Ferrata . 


‘ AND Storti. Milan: Societa Editricc Libraria roig p r 
;V‘ 7 “ ™> »™«t,ve, up-to-date text book in Italian, Le Malattn del Smjut by A Fet'tL 
and E. Storti is presented by the same Societa Editricc Libraria which in zgiz published Femur, „« 
knonm Normal ami PaUqkd Morfhoh & y of the Blood and later several editions of flrWr, t „„ s jJ trf J 
one of the most complete, original, and well documented works on hematology. 

The senior author, A. Ferrara, recently deceased, who stands out as one of the foremost hemnologht, 
of our day, needs no introduction to prospective readers of the new book, a companion volume to hii 
larger work, Hcmofathy. 

Only two devoted friends, the publisher and Dr. Storti, the co-author, could combine to nutc a 
volume so representative of the work of this scholar. In the words of G. DiGuglielmo, who wrote the 
preface to the book, Blood diseases can be considered the spiritual legacy of A. Ferrata." Th: fotty 
years of his clinical experience are concentrated in the 750 pages of this complete, clearly written, anf 
beautifully illustrated book. 

The thirteen chapters easily carry the reader from morphology, genesis, and physiology of the blood 
and of the blood-forming organs to the most modern technics for the hematologic investigation of th; 
anemias, the myeloscs, the hemorrhagic diatheses, etc. Each chapter is so replete with significant ohset- 
vations that it is difficult to single out subjects for review. 

Many controversial points, such as that of embryonal hematopoiesis, in its three stages, mesoMiitic 
(prehepatic), hepatic, and medullary, are treated with skill and good judgment. Dr.Storti's original work 
has contributed a good deal to the success of this difficult chapter in which the hemoglobin-containing 
ceils of the first generation (megaloblastic ceils) are clearly shown in excellent illustrations. 

The different types of anemias are clearly presented, with inclusion of the roost recently studied forms. 
A good description is given of the so-called "achrestic" anemia (Wilkinson and Israels), thecauieof 
which is attributed to impeded utilisation or mobilization of the antianctnic factor. In the large group n 
the hypochromic anemia s, special emphasis is given to the "achylic chloro-anemia of barn: inn, 
Reimann, and Weiner, which is dealt with as a separate entity among the other forms of hypochromic 
anemias of unknown cause. , . , 

Among the congenical splcnomegalic hemolytic anemias, the type described by Greppi an 1 “ 
is singled out from the classical Minkowski-Cbauffard variety mainly on the basis of the increase on ^ 
resistance of the erythrocytes and the lack of response to splenectomy.* 'Udercr-Brill acute 
anemia is also given a separate place in the general classification, although in the opinion 0 1 t e ^ 
this condition might have been better identified with the acquired hemolytic icterus 0 t - 0 
of the French and Italian schools. > ch , or j : 

In the chapter, “Myeloscs,” prominence is given to erythroleukoses and to > t ^nbUmc 

erythremic myeloscs, characterized by a systemic anaplastic proliferation p.. T1 il, 

cells. In the acute forms, ending fatally in one to four months, proerythroblasts a mhochm ^,i: 

whereas in more protracted chronic forms, iess immature cells of the ^ hjs 
and polychromatophilic erythrocytes are predominant. The b*u M 0 ..^v, ^ 

ted much to this concept, which is almost ignored m the Enghsh-Amertcan 1 

is unfortunately considered a familial variety of chronic c ^m.c ^ ^imloeyto^, 

Aplastic anemias, from the symptomatic standpoint, are classified “ / „ . /o p m ved by th: Amenta.: 
anemic, and thrombocyto penic, in ageeement with the classification genera ) _____ 

* These authors failed to note that this type is a mild form of the Mediterranean an. 

Cooley’s anemia. 

joz 
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schools. Atrophy of bone marrow, arrest in cellular maturation, and impeded entrance into the blood 
stream of the newly formed hematic cells arc considered among the factors underlying the condition. 

The work as a whole is excellent and is highly recommended both to the specialist and as a reference 
book to the general practitioner. A selective, impartial bibliography is appended to each chapter, in- 
cluding the most important contributions of the American writers. 

An English translation of this thoroughly fascinating and scholarly volume might well be in order. 


Ri: Its Relation to Congenital Hemolytic Disease arj to lntragrouf Transfusion Reactions. By Edith L. Potter , 

M.D., Ph.D. The Year Book Publishers, Inc., Chicago, ist Ed. Pp. 344. 

Few subjects in recent years have aroused the widespread interest that has followed the discovery 
of the Rh-Hr complex and its application to clinical medicine. This interest has led to a profusion of 
articles on various phases of this subject and to some confusion as to nomenclature, methods of testing, 
and therapy. It was inevitable that a book on this topic would appear, and it is fortunate that so excel- 
lent a review has been written by an author with both wide pathologic and authoritative clinical ex- 
perience in this field. 

Dr. Potter's book is not only timely and complete but also carefully and critically written. The sub- 
ject matter is logically presented. A short history of the discovery of the Rh factor is followed by a 
lucid discussion of Rh-Hr antigens and antibodies. The main emphasis is placed on the role played by 
Rh incompatibility in intragroup hemolytic transfusion reactions and in hemolytic disease of the new- 
born, together with excellent descriptions of the clinical and pathological findings in these conditions, 
their prevention, and therapy. The final chapter deals with methods of testing for the Rh factor and anti- 
Rh antibodies. Outstanding is the clear exposition of the theories of the genetic inheritance of the Rh-Hr 
complex, the description of the pathologic findings, the excellent photographic illustrations, and the 
complete bibliography of nearly 800 titles, which includes almost every significant article on this subject 
m the world literature up to 1946. 

In short, this book is not only opportune but so clear, concise, and rationally organized that it can be 
strongly recommended to anyone — student, practitioner, or specialist — seeking a logical exposition 
0 an involved and expanding subject. 


Color Atlas of Hematology. By Roy R. Kracke, M.D. J. P. Lippincott Co., Philadelphia. Pp. 104, 32. 
plates in color. 

belief |^ r ' lC ^ C States ‘ n bis preface, “The preparation of this volume has been prompted by the 
stude t at * S * "’^ cs P rca< ^ need f° r a color atlas of hematology, particularly among medical 
Wul"^' hb0rat0ry wor kcrs and general practitioners of medicine. The various works hitherto 
_ C ln r b' s bdd have either originated in foreign countries or have been incomplete because 

tk. VCra ® e onl y certain phases of the subject." There can be no doubt as to the validity of 
tht « statements. 

"’ith Hor C °I° r P* atcs ‘ n the Atlas have been taken from Dr. Kracke’s larger work, originally' published 
and thc <>rtCnSC ^ af . Ver ’ diseases of the Blood and Atlas of Hematology. That work contained 54 color plates 
else in thiT™ 1 rCV ' Cwer statcc l * n 194 1 * that “the pictures of blood smears and cells far outrank anything 
good " C ° Untry an< ^ ^ or the Atlas alone, the book is worth owning. The lithography is unusually 

often ver • " ’ ° ne cannot sa >’ the same for the present condensed Atlas, in which the lithography is 

Ptcscnt i,/r r ^ 0mpariSOn ° P identical pl at es from the large work published in 1941 with those in the 
("hat is morel'k" 31 ' 5 C * t ^ Cr tpc lithographic plates have deteriorated in the past six years or else 
Inly true of k ' tPat Ptcscnt day postwar lithography leaves much to be desired. This is particu- 
Platesi6 iy , °°d cells, which often appear muddy', with poor color application (cf. particularly 

sis, have 'come ' ^ atc . S1 ^’ dealing with acute myeloid leukemia, and 19, with infectious mononucleo- 
x 7> dealing , .• E arricu f ar I>' badly and are quite in contrast with such rather good "bright” plates as 
U acute myeloid leukemia, and 2.3, with chronic myeloid leukemia. 


‘ N - E - J- Med. 


22 7 ■' 3 M» 1942.. 
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It most also be stated that the io preliminary plates concerned with the origin ar.J develop:::;: c f 
the blood cells fare badly. One must, as ever, disagree with Dr. Krackc both as to hi de- 
piction of the "megaloblast" and as to his use of the svord as a designation of the precursor cf all the 
red blood cells. His definition reads, “A large nucleated red cell with a cart svhrel and a reteeh: 
nucleus when stained. A nucleated precursor of the normoblast." 

Excellent legends and short descriptions accompany the various plates. Sections on "Defcirfcsi cf 
Hematologic Terms," "Hematologic Technic" and "Summary of Hematologic Findings" are freer::.'. 
The reviewer confesses a preference for Dr. Krackc's earlier and much more important volum: 



BLOOD 
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HEMOPHILIA 

A Report of the Mechanism or the Development and Action or 
an Anticoagulant in Two Cases* 

By Charles G. Craddock, Jr., M.D., and John S. Lawrence, M.D. 

T HE purpose of this report is to present two cases of hemophilia in whom an 
anticoagulant was found. A study of the mode of development and action of 
the anticoagulant and a hypothesis as to its clinical significance arc presented. 

There are two reports in the medical literature which describe the development 
of a similar anticoagulant in hemophilia. The first of these was by Lawrence and 
Johnson, 1 the patient in their report being one of the two (W. P.) included in this 
paper. A similar patient was reported in 1943 by Munro and Jones 2 and these au- 
thors noted that the anticoagulant developed after repeated transfusions, at which 
time further transfusion caused neither a reduction in clotting time nor clinical 
improvement. They suggested that “the numerous transfusions were responsible 
or the development of this anticoagulant.” 

e anticoagulant in the case of Lawrence and Johnson was found to be heat 
st a le and nondialyzable through collodion. Relationship to heparin was ruled 
out since anticoagulant activity was not inhibited by protamine. 3 Munro later 
P u ished detailed studies on the nature of the anticoagulant in his case.' 1 It had the 
^me general physical properties as that in the patient of Lawrence and Johnson, 
the Carr * £ d C ^ c anaI y sis further by plasma fractionation and showed clearly that 
j antll:oa gulant activity was associated with the globulin fraction of the plasma, 
phoret' erre P ort on same case he repeated his fractionation using the electro- 
etic technic and showed that the anticoagulant activity was associated with 

th c gamma globulin fraction. 


^ ’ REPORT OF CASES 

Lawrence ! . ^-> a fifty year old unmarried male, is the same case previously reported by 
i n Sthcabnorm°i' nSOn ^ * S ^ t f r P lca * hemophiliac, conforming to the usual clinical picture and show- 
thcre being on/rn' 105 ^ ^ C ' ottln £ mechanism diagnostic of hemophilia. The family history is positive, 
episodes of bleed" 31 ^' UnC ' C an< ^ one brother with the disease. Since the last report he has had recurrent 
— - m g lnt0 ehe joints, f rom the genito-urinary tract and from the gastrointestinal tract. 

Jn dtheMcdica C /n rtrnCnt ^ c ^' c ' nt °f the University of Rochester School of Medicine and Dentistry 
* This docu lmc °f ehe Strong Memorial and Rochester Municipal Hospitals, Rochester, New York. 
Energy p r - mcnt 15 based on work performed under Contract No. \V-7401-eng-49 for the Atomic 
1 at thc University of Rochester. 
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He has also developed hypertension and hypertensive heart disease with ^ • , , 

auricular fibrillation. During the grinds £n bleeding occurred little S^‘2p W ‘ ! 

fuston with fresh blood or plasma, and joint bleeding teas treated symptom! j ^ 

r:::;:— ^ 

From December >545 until March >946 the patient was in the hospital for 3 months because of.,- 
conemuous hemorrhage per rectum. During this time he received 'in all 30 transfusions of ^ 
blood, each cons, stmg ofjoocc. In spire ofafmost daily transfusion at one point, hr did not iiilt 1 
no effect on the coagulatton ttme was recorded. The latter consistently varied from fo to nL^ 
Unfortunately dunng this ttme no tests for a circulating anticoagulant were performed. Finally, theca- 
ttent began to improve slowly and once the bleeding ceased, the red cel) count and hemoglobin metro! 
rapidly to normal . Transfusions had been discontinued during the period of improvement. No ahnornul- 
>ty in the gastrointestinal tract was detected at that time. 


The last transfusion of whole blood was given on February 9, 1946. After this he was seen repeatedly 
in the clinic, usually for anginal pain associated with his heart disease. He received no more injections 0! 
blood or plasma until the present admission. 

He was tested on September 9, 1946 for the presence of a circulating anticoagulant. The test tut 
negative (table 1). 

On April 15, 1947 he was readmitted to the hospital because of bleeding per rectum of 3 to 4 been 
duration. Ac this time his red cell count and hemoglobin were low (1.96 million per cubic millimeter 
and 9.0 grams per cent respectively). He was pale, dyspneic, and suffered repeated attacks of precordial 
pain. He was immediately started on multiple transfusions of whole fresh blood. This was done before a 
test for circulating anticoagulant was obtained. In spite of 6 transfusions with 500 cc. fresh whole Mood 
each, no improvement by either clinical or laboratory findings occurred although no evidence of intra- 
vascular hemolysis appeared. The ischemic pain became progressively worse, the dyspnea increased ar.J 
the red blood cell counrand hemoglobin fell steadily to a level of 1.3 million per cubic millimeter and 44 
grams per cent respectively. At this point the anticoagulant effect of his blood on normal blood was very 
marked. Clotting times were performed repeatedly at one-half hour intervals after transfusion and no 
effect was noted, the dotting time remaining around 60 to 70 minutes. 

Because of findings to be discussed later, it was felt advisable to stop transfusions with whole Wool 
and instead to give only washed red cells. After receiving 500 cc. of red cells he showed some signs of 
symptomatic improvement. Another transfusion of whole blood given inadvertently caused an immediate 
recurrence of symptoms. After this he received 500 cc. units of svashed red cells and showed stead) 
symptomatic improvement. However, he continued to bleed, the dotting time remained prolonged, ar.J 
the circulating anticoagulant persisted. , 

Gradually he improved, the red blood cell counr and the hemoglobin rising and the attacks of angina 
pain disappearing. At the time of this report he is completely asymptomatic and Weeding ftasceac • 


Cast 2 (No. 143378). D. M., a twenty-one year old white male, is a known hemophiliac since t e if - 
f x year. He has a completely negative family history. Bleeding as a boy was usually fro® * trJU ™'^ 
tngue or into joints. At the age of 19 he developed hematuria for which he receive 9 ? *™ . f0 

ons without benefit. The coagulation time remained unchanged. Consequently hc " . , bJ . 

trong Memorial Hospital for study, 9 months later, on November ij ,1944- 3 ’ 

,g Quick's differential plasma centrifugation clotting rime, were ryp.cal of , lir , 

A test for the presence of a circulating anticoagulant performed btfort an) tnjee ^ ^ „ 

,-as negative. Response to injections was only slight, the dotting time dr^g . ; ff .. A 

o minutes and returning to its original level in from 4 to 6 hours. He ^‘^^ntwas nut repel 
ilasma and one direct transfusion of whole blood. The test for a circulating g 

•SSE5- .» - * p- 
- ” «-*»-? h “"i XZSlSZi » v- 


1 TOUU - ’ ' • 1 


eceiv 


-ed a : 


Ic was taken to Wilson 


whole blood ui weeks before admission nu t ^ direct of 

Memorial Hospital, Binghamton, New York where 
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fusions and several units of antihemophilic globulin. Weeding finally slowed and he was sent home, 
where, although bleeding continued, no clots were passed. Because of the continued bleeding he was 
admitted to Strong Memorial Hospital on April 15, 1947 for study. 

Physical examination at that time was essentially negative except for partial ankylosis and contrac- 
tures of both knees and left elbow. Laboratory studies showed a hemoglobin of 5 5 grams percent, red 
cell count 1.7 million per cubic millimeter, white cell count ~,coo per cubic millimeter with a normal 
differential. The urine was grossly bloody with a few threadlike clots. Coagulation studies were normal 
except for a clotting time of 6S minutes. The Quick differential centrifugation plasma clotting test was 
positive for hemophilia. 

Because of the history of refractoriness to transfusion with whole blood it was felt that a trial injection 
of whole blood should be gisxn to sec if such a refractory stale actually existed. If he responded it could 
be assumed that he was the usual type of hemophiliac, but if no response resulted then it could be as- 
sumed he probably had some abnormal element in his blood which mitigated the beneficial effect of 
whole blood. Consequently, on April 16, 1947 he was given 100 cc. fresh ss hole blood. The clotting time 
dropped from an average of 68 minutes to 11 to 14 minutes in a half hour, floss ever, after 17 hours, when 
the next test ss'as performed, the clotting time was again 6S minutes. It was felt lie probably did not 
hate an anticoagulant but merely received only transient benefit from fresh blood. Therefore it was 
decided to treat his anemia and bleeding vigorously. 

He was given transfusions on 1 successive days and the coagulation times checked at a half hour, 1 
hour, and thereafter at 1 hour intervals until the clotting time returned to normal. It was found that the 
effect on the clotting time was evanescent, not lasting more than one half hour after completion of the 
transfusion. He was then given one vial of antihemophilic globulin (Fraction I of Cohn, Squibb) and the 
c otting times checked every 15 minutes for ij hours. A reduction from So to 95 minutes to 50 minutes 
occurred in a half hour, but there was a quick rise to the previous level Tsvo days later he was given 
avia sof antihemophilic globulin and the clotting times again followed. This time no effect whatsoever 
e dotting times was recorded. It was also noted that the clotting times had risen to about 110 to 
bIocxl' lnUtCS ' "' 1WCas ^ orc they had averaged around 6S minutes. The urine continued to be grossly 

abl t j CC2 | ne a PP arcnt at *h' s t ‘ mc that an alteration in the patient's coagulation mechanism had prob- 
scope as a result of the transfusions and injections of antihemophilic globulin. Therefore on 
(table ) 7 ^ * ttSt ^ or a c ‘ rc ulating anticoagulant was performed. This was readily demonstrated 
anti * 1 CStS on the following day with the same result. Consequently studies of this 

sionsof U ? CrC carrlcl ^ out > as "'HI be described. Therapeutically, the patient was given 5 transfu- 
and an i" aS ^ CC ^ S °' cr ncxt L ' vcc k period. Studies of renal function (PSP, NPN) were normal 
u„-i • , venous Pydogram showed no definite genito-urinarv pathology, but was not clear because of 

hWunhe pelvis of the left kidney. 

tobleed^f tlCnt u U ' C k^' * m P rove< ^ symptomatically as the anemia was corrected. However, he continued 
to hr Lai ° m , t C k‘ d ney, though not as severely. He was finally discharged to Dr. R. J. McMahon 
to be followed and treated symptomatically. 

Til 

cases K m: performing the tests for the circulating anticoagulant in these 
was as follows. 

i. V an k rra ^ uatc rf 15 cc. centrifuge tubes were rinsed with saline before using, 
ject 5 cc ^ nct:ure Was performed simultaneously on the patient and a normal sub- 
an d 10 cc ° of r Ie Sa ^ ne eac k s 7rfnge was injected simultaneously into each, 
from r u„ °. 00la withdrawn without stasis at exactly the same time and rate 

3- The^ atlent an< ^ t ^ C norma l subject. 

wo specimens of blood were then put into the tubes as follows: 

Tube . . . 

jkRbnt's Blood (cc ) . 2 3 4 5 6 7 8 9 ,o 

Nor m*l Blood ( cc ) °'° °'° °'° °' 4 °' 8 11 16 1 '° 1 '° 1 -° 

v 2..0 i.o 1.0 1.6 1.1 0.8 0.4 0.0 0.0 0.0 
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37-5 0 . and all tubes tilted m a rack at x minute intervals. 

Although this is a crude technic it was found that demonstration of the antico- 
agulant was easier using whole blood in this manner than by using plasma 0 - 
serum. This was especially true in the case of D. M. where the anticoagulant ac- 
tivity was reladvly weak. 

Results of this test using the blood of the x patients are shown in ruble i. It veil] 
readily be seen that definite prolongation of the clotting time of normal blood v.as 
caused by mixing with the blood of either of these patients. 

The technic employed is the same as that used by Lawrence and Johnson in their 
original studies on patient W. P. At that time they repeated this test on 3 ordinary 
hemophiliacs as a check, and in no case was the dotting time of norma! blood pro- 
longed in any of the tubes. We repeated the test on x hemophiliacs who had not 
been transfused for over a year with negative results. 

The anticoagulant was also shown using plasma in a manner similar 10 the 
protocol of Munro. 


Table i. — Demonstration of Anticoagulant Effect of Blood of 
Patients \V. P. and D. M. on Normal Blood 


Tube Number 

t 

2 

3 

4 

5 

6 

7 

$ 

9 


Patient’s Blood (cc.) 


0.0 

0.0 

0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

20 

HI 

Normal Blood (cc.) 


2.0 

2.0 

2.0 

1.6 

1.2 

0.8 

0.4 

00 



Patient 

Date 

Clotting Time (min.) 

W. P* 

9/ 9/4 6 

3 

s 

s 

7 

8 

s 

s 

-0 

7‘ 

68 

W. P 

4/1-4/47 

6 

6 

7 

8 

10 

16 

36 

60 

Si 

h 

W. P 

4A9/47 

7 

7 

6 

10 

11 

iS 

4° 

5s 

5 6 

5 s 

D. M 

4/11/47 

8 

6 

6 

14 

15 

16 

17 

75 

75 

7$ 

D. M 

4A3/47 

6 

6 

6 

9 

14 

IS 

16 

IOO 

9 s 

95 


* This test was performed eight months after the last transfusion. 


FROCEDUEE 

The blood was collected by venipuncture and mixed with one ninth 11s , volum- 
of 0.1 M sodium oxalate. Centrifugation for 1 hour at looor.p.m. was « • 

Various amounrs of she plasma svero nnxed with «0™al £» 
same manner (.able a). Kecaldficat.on svas accompl.sM t» add 8 ^ 5 ^ 
cium chloride in amounts equal to the amount of plasma prxen h 
being adjusted to i.x cc. by the addition of the requisite amount of 0.15 

chloride. . , * n was mu ch stronger 

It can be seen from these data that the anucoagnknt effe ^ rf bo£ h show 

in the case of W. P- than in the case of D. M Ho** J rf ^ pJi51M 
a definite inhibitory effect on coagulation when the concent 

rC Tuvas 1 realize^rom the climcal co ^ 1 ^ s ^ by 

as"— 
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seem this was due to the development of a. circulating anticoagulant, as described 
byMunro.Hc was felt that further analysis of the nature of the anticoagulant and 
the manner in which it acted was indicated. 

Steps were than taken to determine which phase of clotting was inhibited by 
this anticoagulant. These will be described briefly. 

The prothrombin concentration of each patient’s plasma was determined by the 
serial dilution modification of Quick's test. The prothrombin concentration of 
W. P. was 80 per cent of normal and that of D. M. too per cent of normal. These 
concentrations are of course high enough to exclude prothrombin deficiency as a 
cause of the bleeding, and since conversion to thrombin occurred in tile normal 
time, antiprothrombin also could be excluded. 

Tests were made for the presence of an antithromboplastin. According to Tocan- 
tins, hemophilic blood contains an excessive amount of antithromboplastin.® How- 
ever, in order to demonstrate it, special technics must be used or it will be destroyed. 
No special technic was used in handling this blood and yet the anticoagulant effect 
remained. This would therefore seem to be a substance different from the anti- 


Table x. The Anticoagulant Action of the Patient' 1 Plainta on Norma! Platma 


Patient's Plasma 

Normal Plasma 

Sodium Chloride 
0.15 M 

Calcium Chloride 

0 025 M 

j 

Coagulation Time 

W. P. 

I). M. 

cc. 

cc. 

cc. 

cc. ! 

miK 

min. 

0.00 

0.40 

0.40 

0.40 

3 

1 


0.40 

0.30 

0.45 j 

3 


O.IO 

0.40 

0.10 

0.50 

4 

3 

0.15 

0.40 

0. 10 

0.35 

>5 

4 

0.1c 

0.40 

0.00 

0.60 ! 

38 

16 

O.IO 

O.zo 

0 

0* 

0.40 

5 ° 

iS 


O.IO 

0.10 

0.5c 

53 

IO 


0.00 

0 

-k 

0 

0.4c 

75 

3 ° 


^hromboplastin described by Tocantins. It was felt that if the anticoagulant effect 
ner •* UC t0 an anr ithromboplastin after handling the blood in the routine man- 
sol' t ' V ° U ^ detectable by less sensitive means. Consequently a thromboplastin 
lished° n k n ° Wn potency was serially diluted and the prothrombin times estab- 
p , ’ C . ^** ut ‘ on with normal plasma. In this way progressively longer 
^thromb' 11 tImeS WCre ^ ounc ^ with increasing dilutions of thromboplastin. If 
than in° m °^ ast * n were present in greater concentrations in the patient’s blood 
patient' n ° r ? al ^°°d> a significant differential in the prothrombin times of the 
norfn S j an norma i plasma so tested should be readily demonstrated. This was 

From 1 ^ 10 bC ^ CaSC ' 

enough str^ Can assum£ d that antithromboplastin was not present in 

Djj tren gth to explain the anticoagulant activity of the patient’s blood, 
its pres e natlon ant ithrombin activity of the plasma was carried out, although 
bin to th e 'k° U ^ ^ doubtful in view of a normal rate of conversion of prothrom- 
that 1 C( - 0rn m, .^ s t an dard thrombin solution (Thrombin-Upjohn) was sc diluted 
r hat Z Un * ts thrombin (the potency of the thrombin was such 

C ottec l t-o cc. of oxalated human plasma in 15 ± 0.5 seconds at 2.8° ± 
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2. C.). One cc. of the thrombin solution was then added to i cc. samples of nr. 
mal and both patients’ plasma. In each case clotting repeatedly occurred in 15 to i? 
seconds. Antithrombin activity was therefore absent from the plasma of each of 
these patients. 

The presence of antifibrinogen was felt not to be probable since the final dot 
which formed was completely normal as far as quantity, strength, and elasticin 
were concerned. Specific tests for the presence of an antifibrinogen were deemed 
unnecessary. 


Table 3. — Test for the Presence of Antitbrowboplastic Activity in Plasma of Patients 


Thromboplastin Solution 


Clotting Time 


Normal 

w.r. 

1). 11. 

dilution 

sec. : 

sec. 

iff. 

Undil. 

15 

17 

M 

j/i 

15 

17 

M 

i /4 

16 

17 

is 

1/8 

ZI-2.3 

21 

10~1I 

1/16 

X2.-2-5 

"5 | 

11 

1/31 

15-18 

** 


1/64 

18-30 

3 ° 

'*5 

iS 

30-31 

1/118 

t/156 

30-31 

30-35 

33 

35 ' 3 8 


In each case o.t cc. thromboplastin solution was added too.i cc. plasma. RccalafieJ rntbcc-j 


M Calcium Chloride. Performed at 37.5 0 C. 


Table 4.— Effect of Toluidine Blue on the Actmty oj the AnticoupUnt in the F Uswaejth 


MM 


Amount of Tolui- 
dine Blue in mg. 
per 0,2 cc. of 
saline 


0.0000 

0.0036 

0.0062. 

0.012.5 

0.02.50 

0.0500 

O.IOOO 

0 . 2.000 





Clotting Time 

Amount of 
plasma 





0.025 M 

Normal 

IV. J>. 

cc. 

cc. 

min. 

min. 

0.2 

0,2 

1-5 

14.O 

0.2 

0.2 

2.0 

14.O 

0,2 

0.2 

1.15 

14.0 

0.2 

0.1 

1.15 

14.O 


0.1 

3 ° 

15.0 

0.2 

0.2 

0.2 

0.2 

4.0 

8.0 

17.0 

18.0 

15.0 

0.2 

0.1 

9 -° 


D.M. 


niv. 

11. 0 

I I. 0 

I J. 0 

}j.o 

11. 0 

13.0 

16.0 

17.0 


The presence of an anticoagulant of the |he p arm type 
studies with toluidine blue. This dye, which .« « e f(] thc correct cor. 
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each dilution of the dye solution was added to 0.2. cc. of plasma and the clotting 
times recorded after recalcification. 

It will be seen from table 4 that when the concentration became higher than 
0.0115 mg. the anticoagulant effect of the dye on normal plasma became evident. 
It is also apparent that the toluidinc blue in concentrations which would have 
inhibited heparin, if it were present, had no shortening effect on the clotting rime 
ofthe plasma of either patient. It can therefore be concluded that the activity of the 
anticoagulant is probably not due to the presence of heparin. This was of particular 
interest in view of the recent finding that substantial amounts of heparin are found 
m the blood of animals after large amounts of irradiation. The anticoagulant in 
this case would seem to be of an entirely different nature than that found after 
x-ray. 


Table 5. The Relarite Anticoagulant Anility oj Fraction 1 of Patten 
Plasma Separated FJcctrophcrettcally 


(«'. P.) 


Fraction o[ Plasma 


I 
1 

II 

II 

III 

III 

IV 
IV 
IV 
IV 


la 1 

Normal Plasma 

I*otonic Saline 

Calcium Chloride 

0 025 M 

doting Time 

cc. 

cc. i 

cc. 

Cf. 

run. 

O.I 

0.1 

o.l 

0.1 

s 

0.2. 

0. 1 

°-3 

O.I 

: 10.5 

O.I 

0.1 

0.1 

0 . 1 

.. 

> / 

0.2. 

O.I 

0.3 

0. 1 

1 >o 

0.1 

0.1 

0.1 

0.1 

5-5 

o.x 

0.1 

0.3 

0. 1 

6.5 

0.1 

0.1 

0.1 

0.1 


O.L 

O.I 

0.3 

O.I 

’-•5 

0.3 

0. 1 

0 . 1 

O.I 

3 --5 

0 4 

O.I 

O.I 

0 . 1 

1§ 5 


0.1 

0.1 

i °- r 

! *--5 


0.1 

0.1 

0.1 

i l -5 


P cr form r «fb 0ret ' C ^ ract * onat * on °f the plasma of one of the patients (W. P.) was 
tall fn C t ^ Allln S as fohows: The fractionation was carried out in the 
m aximd ° t ' 1C 11 ^ Se ^ us ce h> fo o- 1 molar veronal buffer of pH 8.5. After 
to suc ,s; eP r ti0n t ^ lc P ca hs a blunt needle was slowly lowered into the cell 
optical srre.^ ^ rf asi "g ^ e pths controlled by visual observation through the 


r ul -ai system P t_ r . j — & 

operated k 1 aCil * ractlon was drawn off very slowly by means of a syringe 

From the d ^ motor -driven compensator. 

Frnrri a escending limb of the cell the following fractions were withdrawn: 
F " ; Gamma g l0b ulin. 


fraction IT- p . 

fraction III p mma S^°kulin plus fibrinogen plus beta globulin. 

1 globulin plu i^ mrn . a ^ 0 hulin plus fibrinogen plus beta plus alpha 2. plus alpha 

tained ali c ascenc ^ n S b m h only one fraction was withdrawn. This fraction con- 

F ac h of these f° ne ” tS cxcc P r £ amma globulin and was designated as Fraction IV. 

plasma a. ractlons was then tested for its anticoagulant activity on normal 
as shown in table 5. 
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It was apparent chat the anticoagulant had several characteristics which woull 
seem to indicate that its appearance and action were on an immunologic basis. J n 
the first place the anticoagulant became evident after repeated injections of who!- 
b ood or antihemophilic globulin. Also the anticoagulant proved to be a gamma 
globulin, as previously shown by Munro. 

Workers at the Thorndike Memorial Laboratory 7 -®. >>-» have shown that norma) 
plasma contains a factor which is deficient in the plasma of hemophiliacs. They 
have found this substance to be associated with the globulin fraction of the plasma 
protein. This globulin fraction is contained in Fractions I and III-i(II of Cohn). 
When Fraction I is given intravenously to hemophiliac patients, it causes a marked 
reduction in clotting time, similar to that produced by whole blood. This globulin 
fraction has been called antihemophilic globulin and is necessary for coagulation 
of blood to proceed at the normal rate. The precise function of this globulin and the 
point at which it takes part in the coagulation mechanism have not yet been eluci- 
dated. However, it has been suggested by Quick and others that the fundamental 
alteration in the coagulation of hemophilic blood is the failure of the platelets to 
agglutinate and break down to release thromboplastin. Since the only abnormality 
yet detected in hemophilic blood is a deficiency of the globulin substance called 
antihemophilic globulin, it is possible that the two abnormalities are related and 
that antihemophilic globulin must be present for the breakdown of platelets to 
occur. A deficiency of this globulin, as in hemophilia, may account for the "greater 
stability" of the platelets which do not readily agglutinate, break down, and re- 
lease thromboplastin for the initiation of dotting. 

Since this protein factor is deficient in hemophilic blood, it was thought conceiv- 
able that this lack offered the basis for the development of the anticoagulant found 
in the blood of these patients. In other words, because these patients were lacking 
in a globulin factor normally present in blood, repeated injections of this globulin 
either in whole blood or plasma, or in the more concentrated form of Fraction J o 
Cohn might elicit an antibody response against this protein which would even- 
tually be manifest as an anticoagulant. 

If the development of antibody against antihemophilic globulin did occur, e 
onstration of it should be possible. Precipitin tests were therefore set up nsing • 
serum of each patient and Fraction I of Cohn (Cutter). Amounts > * 
containing o.x grams protein were used, the re aUVe J 
antihemophilic globulin contained not being known. This d ied 
dissolved in 5 cc. of sterile distilled water thus making 'U***£*[ uWB 
tion. The pH was adjusted to 7 -o to 7.5 Precipitin tests via pc 
temperature and read at one-half hour and one hour intervals. D J« ons l 

S3* fro™ ri 

It will be seen that the titres obtained with both P a « cnts Jf* S hcm0 . 

were significantly higher than those obtained with norma J ^ 

philic scrum. The titres obtained in the patients sera tested agamst 
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are low but suggest that the sera contained antibodies against some element in 
normal plasma also. Titrations against each other's plasma as controls were 
negative. 

Similar control precipitin tests were set up using the sera against: 

1. A solution of purified fibrinogen (Parkc-Davis) 
i. A solution of purified gamma globulin (Parke-Davis) 

Both of these antigens gave negative results. 

The serum of a non-hemophilic patient who had received multiple transfusions 
was tested in the same manner with failure to demonstrate any precipitins. These 
controls indicate that the precipitins found only in the sera of the two patients 
were specific for antihemophilic globulin. 


Table 6. — Showing Presence of Preetpitins in Sera of the z Patients 
against Antihemophilic Globulin ( Fraction 1 of Cohn) 


Antigen 


Scrum 

Antihemophilic j 
Globulin 
(Fraction I) 

Normal Plasma j D. M/s Plasma 

1 I 

1 

W. P.’s Plasma j 

| 

Ordinary 
; Hemophiliac 
Flasma 

Normal . 

D. M 

■ 

1/1 

0 j 1/10 

1/10 ! 

0 

1/ 10 

0 

0 

w.p 

Ordinary hemophiliac 

1/33-0 

0 

0 4 ^ 

O C 

O O C 

0 

o 


Table 7. The Anticoagulant Effect of Serum of Each Patient on Normal Blood 


Normal Blood 

Patient’s Serum 

Clotting Time 

When W. P/s Serum added j 

When D. M/s Scrum added 

(C. 

«. 

min. 

min. 

0.4 « 

1 .6 

15 

11 

o.a 

I .2. 

>3 

9 

1 .1 

0.8 

IO 

6 

1.6 

0.4 

8 

5 

1.0 

0.0 

5 

5 

1.0 

0.0 

5 

5 


Th 

se tests gave repeatedly similar results. The precipitin titres remained at 
dido 5 ° r ^ ^ an< ^ at I / I ^° f° r D. M. The latter patient, because of his better con- 
1 was given 3 injections of antihemophilic globulin (one vial each) on 3 
Ho^ch 1VC a ^ Kr t ^ e precipitin rest was performed. Despite this, the titre did 
bccom ^ 0V,er ^°^ ow * n S 1 wee k period, nor did the anticoagulant activity 

shoul^h^ ant *^ oc ^T was present in the serum, as shown by the precipitin tests, it 
tho 'n ^ k £en P oss ible t0 demonstrate anticoagulant activity of the serum. Al- 
t j le c y lai ^ 0rne c " ect was noticed when the serum was mixed with normal plasma, 
° ut dccaf C f W3S m ° St str ikingly brought about by mixing with whole blood with- 

As sho J 

" n ln ta ble 7, serum from these patients did not have as strong an antico- 
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aguiant effeot as did either whole blood or plasma. The most strikinenhcrm 

7 C 77r Cr > r? that th r C Cl0CtMg proccss once k was he S“ n was marked! 
slowed. That is, the length of time elapsed between initiation of dotting and co- 

plenon of the process was much greater than for normal blood alone. A few strati 
of fibrin would form and then gradually the clot would become larger and firm-' 
the phenomenon resembling closely that seen when hemophilic blood clots. 

That the anticoagulant which developed in the circulating blood of these p 
tients exerted its action by directly inhibiting antihemophilic globulin was L 
shown by the following tests. 

Taylor, Davidson, Tagnon, et al. 10 have demonstrated that antihcmophili 
globulin has the ability to lower the coagulation time of hemophilic blood o 
plasma if added to it in vitro. This was repeated in the case of an ordinary heme 
philiac by us and the effect was found to be quite striking. However tile global’! 
had no accelerator y effect on the clotting time of the patients’ blood (table 8). A: 
experiment was then set up in which the antihemophilic globulin, as corn .line 


Table 8. — Effect of Antihemophilic Globulin on the Coagulation Time in Vitro of th 
Blood of an Ordinary Hemophiliac and otic of the Patients (IK. P.) 


Amount of 
Blood 

Isotonic Saline 

Antihemophilic Globulin (Fraction I of Cohn) 

Clottir 

;Tivc 

Undil. 

1/iO 

1/100 

1/1000 

Ordinary 

Hemophiliac 

D!>r! 
IV. P. 

tc. 

cc. 

CC. 

cc. 

CC. 

cc. 

min. 

r.:i 

Z.O 

0.1 





tp 

h 

z.o 

O.i 





3 « 

h 

z.o 

0.1 





4° 

f) 

z.o 

0.1 

0.1 




13 


z.o 

0.1 


0.1 



7 

0 

z.o 

0.1 



0. 1 


7 

h 

z.o 

0.1 




0.1 

u 

35 


in Fraction I of Cohn, was first incubated with a small amount of serum from cad 
of these patients. When this was done, the clot-accelerating activity of the anti 
hemophilic globulin on hemophilic blood was lost. 




PROCEDURE 

A 4 per cent solution of Fraction I in isotonic saline was prepared -The pi 

of the solution was adjusted to 7.0 to 7-5 usin S a S !ass clcctr0 C P , ^-jja 
total nitrogen of the final centrifuged solution was determined bj 
method and found to be 1.8 grams per cent. , i/ioo ,/ieoo. 

Serial dilutions of this solution were then made, ^dtJuted Ao 1/ ^ 

o x cc of samples of each dilution of the antihemophilic globulin 
to 0.1 cc. samples of serum of the following types. 

1. Normal serum 
x. W. P-’s serum 
3 D.M.'s serum 

4, Serum from ordinary uncreated hemophiliac. 
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These mixtures of o.i cc. of antihemophilic globulin and o.i cc. of the various 
-sera were incubated at 37. 5 0 C. for one-half hour. 

. Blood was then drawn from an ordinary hemophiliac patient who had not re- 
ceived any transfusions or injections for over 1 year and who was known to respond 
_ to treatment in the usual manner. 

This blood was then added to the tubes as shown in tables S and 9. 

It is shown by these protocols that antihemophilic globulin alone had a marked 
accelerating effect on the coagulation of the blood of an ordinary hemophilic pa- 
tient. Also when antihemophilic globulin was first incubated with cither normal 


Table 9. — Effict cj A rlihr: i! i: GIcbulir. rr: Cejf.u}jticn Tin: of 

Or Unary llemofbili: BlesJ after lt:;ubaticr: u itb Srra 



pHlicbl S ? Um ^ rom an ordinary hemophiliac this accclcratory effect on hemo- 
fitst incubat'd ^ n0t ‘ m P aired - Wil en, however, the antihemophilic globulin was 
circulatin ^ - W * tb tbe serum °f either of the two patients who possessed the 
time of tlC0 ^ ulant then the ability of the globulin to accelerate the clotting 

This sWs aryhem ° philiaC bl °° d Was lost ’ 

Was tpecificali qUlteClearIy that the action the anticoagulant in these two cases 
shown thatV aga ! nSt the ant ihemophilic globulin itself. Since it was previously 
of dotting j 16 antlcoa S ulan t was not inhibitory to any of the other components 
normal coa^j W ° UW Seem thac inhibition of this globulin factor necessary for 
patients. U atl ° n * S ^ h as is the anticoagulant activity of the blood of these 
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DISCUSSION 

Each of these two patients exhibited a circulating anticoagulant in his Wool 
This anticoagulant was apparently not in sufficient concentration to k „,j|y 
emonstrable until several transfusions or injections of Fraction I of Cohn, contain- 
ng the substance called antihemophilic globulin, were given. This latter factor is 

f normal blood or P ]asma :lnd ^ essential for normal coagulation. Al- 
though how it is utilized or just where it enters into the clotting mechanism is 
unknown, it probably is important in the agglutination and lysis of platelets with 
liberation of thromboplastin. This globulin factor is deficient in the blood of 
hemophiliacs 7 ' 9 - 12 and may account for the failure of the platelets in hemophilic 
blood to break down as in normal blood. 

The anticoagulant in these patients could not be shown to be antagonistic to any 
of the components included in the classical concept of clotting. The anticoagulant 
was shown to be associated with the gamma globulin fraction of plasma, and in 
this respect was similar to the anticoagulant reported by Munro in his patient . 1 
Evidence is presented to show that the anticoagulant which developed in these 
patients exerts its activity directly against antihemophilic globulin and in this way 
inhibits coagulation of normal blood. In view of the ability to demonstrate a defi- 
nite precipicin ticre against antihemophilic globulin in the serum of each of these 
cases, it is suggested that the action of the anticoagulant against antihemophilic 
globulin is essentially that of an antibody-antigen reaction. 

The presence in the blood of a hemophiliac of such an antibody', which manifests 
itself by inhibiting the substance antihemophilic globulin, could explain why 
these two patients were refractory to transfusion with whole blood or to injection 
of the concentrated globulin. It could also explain why blood from patients such 
as these inhibits the coagulation of normal blood. 

On the basis of the evidence found, we present the following hypothesis as to 
the nature of the phenomena which developed in these two hemophiliacs- Eacho 
these patients apparently lacks a globulin factor contained in normal bio o. 
plasma which is necessary for normal coagulation. Because of this lack, repeat 
intravenous injections of normal whole blood, plasma, or ancihemophi teg o a in, 
all of which contain this missing globulin, result in isoimmunization Ult 
“foreign” or missing protein. Antibodies of low titre are built up against 
globulin and circulate in the blood . The presence of these antibo ms ts m3n , 
as a circulating anticoagulant. After these antibodies become cvi cnt >'W 
more blood or antihemophilic globulin in an attempt to supp y r jc[jvc 

Hn cause no beneficial effect on the coagulation med arc frc ,. 
principle is inhibited by the antibodies. Likewise when th ? ^ Jfor. 

ent, bled from o»o of these primus wiB exhtb,. “ T essential 
added to normal blood in vitro, because the antibodies bmd g 

for normal coagulation. Hinicallv by findings v/flich 

The occurrence of these phenomena is accompanied cl, me* ) thii: 

could be explained by the production of this —oHm «P» pm the 

patients seemed to react in the normal manner sxhen blood «as 6 


~r 
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beneficial effect was very brief. Subsequent transfusions failed to alter the coagula- 
tion time; in fact, in the case of D. M. the coagulation time became progressively 
longer with repeated injections of blood and antihemophilic globulin. This refrac- 
tory state was accompanied by the appearance of a demonstrable anticoagulant in 
the circulating blood. 

It is highly possible that such a mechanism as described in these two patients 
may be the underlying factor in the development of a refractory phase in many 
hemophiliacs. Perhaps there arc different degrees of hemophilia accompanied by 
different degrees of deficiency of the globulin fraction (or fractions) necessary for 
normal coagulation and individual variations in the response to injections of the 
globulin. Whether or not a complete lack of the globulin fraction is necessary for 
the development of an immunologic response to repeated injections of the deficient 
globulin is not known. Nevertheless, a certain number of hemophiliacs deficient 
m this globulin may be capable of developing antibodies against the globulin when 
it is given repeatedly. A refractory phase to further transfusion and the appearance 
of an anticoagulant in the circulating blood would result. Further search for the 
development of anticoagulants in hemophiliacs who become refractory to treat- 
ment with whole blood, plasma, or antihemophilic globulin is to be carried out to 
determine if such a mechanism may be more generally applicable. 


SUMMARY AND CONCLUSIONS 


i. Two cases of hemophilia are presented in whom the development of a circu- 
iting anticoagulant was detected. This anticoagulant was demonstrated in the 
whole blood, plasma, and serum of both patients. 

l. Both patients became refractory to treatment with cither fresh whole blood, 
P astna, or antihemophilic globulin (Fraction I of Cohn). In fact, the anticoagulant 
apparently made its appearance as a result of repeated transfusions or injections of 
antihemophilic globulin. 

3- The anticoagulant in each case was shown not to inhibit any of the elements 
participating in the classical theory of clotting, i.e., prothrombin, thromboplas- 
i rombin or fibrinogen. It was also demonstrated that this anticoagulant was 
°t re ated to heparin in its mechanism of action. 

th^ h eCtr °P^ oret ^ c fractionation of the plasma was carried out, and it was found 
Th ant * coa ^ u ^ ant was associated with the gamma globulin fraction of plasma. 
patients 6 ^ emonstrat * on °f specific precipitin titres in the serum of each of these 
0 £ . a S ain st antihemophilic globulin seemed to indicate that the mechanism 

lin Th° n ° anticoa 8 ulant was to inhibit the action of antihemophilic globu- 
^monhT VaS ^ lrt ' nCr snbsranriated by the in vitro inhibition of the ability of anti- 
blood 1 * C ”'°' DU ^ n t0 acce lerate the coagulation time of ordinary hemophilic 


■ s believed^°h^ eS * S ^ f 3rcscnte< ^ t0 explain the appearance of the anticoagulant. It 
globulin^ V- t * lese two hemophiliacs are deficient in or lack antihemophilic 
form of 'h 611 ^ 00 ^> and hence repeated injections of the globulin either in the 
ag a ; nst the° C - ^ 00 ^’ plasma, or Fraction I of Cohn results in “isoimmunization” 
e injected globulin. The resulting antibodies inhibit any antihemophilic 
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globulin which may chen be injected and hence explain the reh- 

hibited by the* » ca«s. Blood from d** p.fcom c„n M i4“ES*' 

«T£ZL“ infc ““ "' h » » »»«, bw t! . 
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THROMBOCYTIC ACROANGIOTHROMBOSIS (PLATELET THROMBOSIS 
OF THE CAPILLARIES, ARTERIOLES, AND VENULES) 


By Patrick J. Fitzgerald, M.D., Oscar Auerdach, M.D., 
and Lieutenant Eugene Frame, M.C., U.S.N. 

S INCE 1915 there have been described in the literature 1-6 9 cases presenting acute 
purpura hemorrhagica, fever, thrombocytopenia in cases in which platelet 
counts were done, anemia, a rapidly progressive fatal course and the findings at 
necropsy of generalized arteriolar and capillary hyaline thrombi (tables 1-4). In 
most cases ic has been stated that the thrombi arc composed essentially of platelets 
and the disease has been considered to be a rare form of primary thrombocytopenic 
purpura. Recently, the suggestion has been made 6 that the disease is a distinct 
entity and not related to Werlhof's thrombocytopenic purpura or to any other 
known disease. 

The first 8 cases occurred in females, the ninth in a male. We report 1 cases: one 
a white male; the other a Negress — the first to be described in a colored person. 


CASE REPORTS 

Can i (Cast 10, tables 1, i, and 3): A 34 year old, white male, C. W. H., Ensign, U. S. Navy, was 
admitted to a naval hospital, April 13, 1945, complaining of abdominal pain, weakness, ease of fatigue, 
anorexia, and constipation. He stated that he was well until three weeks prior to admission, when he 
irst experienced slight nausea with severe epigastric pain. The pain developed about 30 minutes after 
rating and was relieved by further ingestion of food. A gastrointestinal series of roentgenograms shortly 
a ter the onset of symptoms was reported as negative. The patient carried on his duties as an officer 
a oard a small naval craft until the day prior to admission, when he reported to his medical officer be- 
cause of increasing weakness. 

There was no history of any familial disease. His past history was essentially negative except for an 
un ctermined abdominal disorder at the age of 12. years that was followed by 8 months' bed rest. Review 
c systems was noncontributory, except for nocturia two or three times for some years. There was 
0 weight loss. He had been taking bismuth and Amphojel for several days prior to admission. Otherwise, 
ere was no history of the ingestion of drugs. No history of allergy was obtained. 
peranj J,M xam '” a,Ion: The patient was a restless, apprehensive, well-developed young male. His tem- 
diastol^ f ^ ^ P U ' SC an ^ respirations 10 per minute. Blood pressure was 104 systolic and 60 

revealed mtI1 The skin was pale and dry with poor turgor. Examination of the retinal fundi 

normal rCCCnt ’ mu * tl P^ e petechial hemorrhages. The remainder of the examination was essentially 
in -r ^ or s TT U ’ nontender enlargement of the anterior cervical lymph nodes and crepitant rales 

J nd the h'^ ^ ata 'P a Emission to the hospital, the red cell count was 1.14 million per cubic millimeter 
0 f cn!0 £*°' 3 'n 4 x per cent. There were 13,700 white blood cells per cubic millimeter, 60 per cent 
cent mv l" CrC morphonuclear leukocytes, 10 per cent band forms, 1 per cent metamyelocytes, 1 per 
The blood KS ' ^ ^ cent b' m phocytes and 1 per cent monocytes. The platelet count was 88,000. 
^inures andHrV^ 0 "^ f 0 ‘^ 1 * oc T tosls ’ anisocytosis, and basophilic stippling. Clotting time was 3 
cc ln g time n. 5 min utes. Hematocrit was 18.5 per cent. Volume index was 0.87. Pro- 

st °n Mass^ ^ ^ ava ^ Hospital, St. Albans, New York, and the Mallory Institute of Pathology-, 


Boston 
The 

COnstrutd as reflectin' 


cd rtIOn n S aa< ^ °P'nions contained herein arc the private ones of the authors and are not to be 


l g the opinions of the Navy Department. 


519 



5X0 


THROMBOCYTIC ACROANGIOTHROMBOSIS 


thrombin time was considerably prolonged in comparison to a normal control specimen. Enthrone; 
resistance to hypotonic saline showed hemolysis beginning at 0.41 per cent, being complete j: c 5: 
per cenc. The control had a range of from 0.44 per cent to 0.30 per cent. A peripheral Mood jcti> fee 
plasmodia was negative. 


Author & 
Year 


See 


Moscboivitz 

(1925)' 


Baehretal. 

(1936)5 


Baehr et al. 
(1936) ! 


Baehr et a). 
(1936)5 


Baehr et al. 
(1936)5 


Gitlow, 
Goldmark 
(Case 1) 
(1939)5 


Altschule 

(1942)* 


Bernheim 

(1943) ! 


j Trobaugh 
et al. 
(1946) 6 

10 Fitzgerald 

et al. 
(1947) 

11 1 Fitzgerald 
eta). 

I (1917) 


Table 1. — Clinical Features 


16 


Symptoms and Signs 


Weakness; joint pains; 
fever, 9 days 


Us 


18 


M 


M 


50 


33 


Listless, 6 months; 
hematuria, days 


Brownish pallor, weak 
ness, I week 


Urticaria, 1 month; 
purpura 


Arthritis, l year; 
U.R.I., l week; 
petechiae 


Physical Examination 


Pallor; petechiae; 
“cafe-au-hit tint"; 
fever 


Pallor; fever; icterus; 
petechiae; sple- 
nomegaly; retinal 
hemorrhages 


Neurologic Findings I Durst;*;: 


I 

Paresis, left arm and j II dm 
leg; facial paralysis; I 
bilateral Koernig; j 
coma I 


None mentioned 


Icterus; petechiae; reti- 
nal hemorrhages; 
fever 


7*rAi 


Headache; clonic 
twitching*; irrational 


2 


Influenza, 3 months; 
U.R.I., 1 week 


Fatigue. 3 weeks; aches 
and pains, 4 days 


Dermatitis; weakness, 
2 weeks 


U.R.I.,maiaise ,2 weeks 


Purpura; retina) hemor 
rhages; fever 

Petechiae; icterus; reti- 
nal hemorrhages 

Petechiae; fever; he- 
patomegaly; retina) 
hemorrhages; sple- 
nomegaly; palpable 
cervical nodes 

Pallor; petechiae; lever;| 

hepatomegaly; sple- 
nomegaly 

Pallor; petechiae; 
shock; lid las) en- 
larged thyroid; fever 

Fever; icterus; pe- 
techiae; cervical 
nodes 


Nausea; vomiting; 
delirium; stupor 


Odsyi 


Right hemiplegia; coma 1 


Right hemiplegia; coma I'd*)' 


Confusion; left law' ' !6 >’ 
weakness; delirium; 
mumbling speech 

Left facial weakness; J*« l ‘ 
hyperesthesia*; 
tetanic convulsion 1 

Restless; uneooprra- 
tive stupor; coma 


F(C) 


27 


Nausea', weakness; ab- 
dominal pain, 3 weeks 


Hives, 1 year; faintness; 

epistaxis; hemateme- 
sis; menorrhagia, 1 
week 


pallor; petechiae; fe- 
ver; retinal hemor- 

rhages; cervical nodes 

Pallor of mucous mem- 
branes; urticaria; 
hepatomegaly 


Restless', confuted; 

comajCheyne-Sfocm 

— " ’ «rwvr'- I * tf ‘ r 

Stupor;coma ( Che>r.. 

Stokes re-piratma 


it:. T- 


sedimentation rate was 30 : failed m show any *°« ^ ivc for the r*— 

bromides or sulfonam.de drug- 
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Count: The patient was given ferrous sulfate by mouth and daily blood transfusions in 500 cubic 
centimeter amounts. There was a gradual increase in the red count to 3.3 million until 5 days after ad- 
mission, at which time the count began to decrease until it was 1.3 million on the eighth hospital day. 


Table l. — D-'t.i 


Case 

No. 

R.B.C. 

(millions 

per 

ciunm.) 

Hemoglobin 

(percentage) 

W.B.C. 

(per 

cu.mm.) 

Platelet' 

(per cu mm.) 

DilTercnti.il 

(percentage) 

1 

1 -33 


. « 

i 

p/65 


I.Ji 




N'o reticulocytes 


M 

18 

13.700 

! 

15 .OOO 1 

Essentially normal in (1) (3) (4) 

l 

! -4 

17 

7,000 

10.000 

(5)cxccpt for 



18 


1 

Reticulocytes, 1 

3 

i -7 

35 

11,000 

60 , 000 

Reticulocytes, 13 


1.1 

44 

17.000 

50,000 

Normoblasts, 55 


3-5 

57 

16,000 

30.000 1 

Myelocytes, 1 

4 

M 

<?5 

13,000 

145,000 

Myelocytes, 9 


1.4 

2-9 

18,000 

10.000 

Normoblasts, 18 

5 


40 


Profound throm-i 

Numerous myelocytes, normo- 





boevtopenia j 

blasts, and reticulocytes 

6 

1.4 

2-5 

Leuco- 

50,000 

Reticulocytes 31-80 


1.0 

46 

penia 

100,000 

High staff cell count 






Normoblasts very numerous 

7 

1.8 

38 

13,400 

54,000 

Reticulocytes 1.1-11.0 


I -9 


11,000 

11,000 

P/80, L/15, M/4, E/i 







Nucleated R.B.C. 

8 

1.0 

38 

9,900 

Markedly re- 

P/57, L/17, E/8, B/i, M/i 


1.65 

30 

1 1 , 000 

duccd 

Myeloblasts 1, myelocytes 8, nor- 

— 




1 

moblasts 5 

9 

3-5 

II -5 (Gms.) 

8,700 

Marked throm- 

P/54, L/13, M/17, E/4, B/i, 




36 

9,100 

bocytopcnia 

blast/i. Reticulocytes 10 

10 

1.14 

42- 

13,700 

88,000 

P/71, L/17, M/i 

— 

1 -5 




Myelocyte 1 

11 

z.74 

7 (Gms.) 

14,900 

Present 

P/50, L/46, M/4 






Normoblasts, polychromatophilia, 

— 

- 




poikilocytosis 


The 


nty Cnt " 3S rcsdcss ar >d often confused during waking hours and complained of dizziness. 


Hi s t ‘cities: 

^ r ° m t0 I01 ' 0 durin e ihe ^ rst ^ days hospitalization and there 
turc a f tcr ^ la S 'ariation in the pulse rate between 80 and 110 per minute. He had a normal tempera - 

H’hsion thc $ da 3 - ^* s respirations averaged about 11 per minute. Twelve days after ad- 

ahoutet,., .^ atlcnt k ec ame unconscious, incontinent, developed Cheyne-Stokes respiration, and died 
ut 5 "ceks from the onset of his illness. 
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thrombocytic acroangiolhrombosis 


AUTOPSY riNDINGS» 

Gross: Significant findings only are reported. Over the bridge of the nose and the tight d-lw!» 
there were ecchymoses; otherwise the skin shows only pallor. The pericardial cavi'.r cW-j a- 
estimated 150 cubic centimeters of serosanguineons fluid. The visceral pericardium showed diffuse twin' 
motic areas, some small and discrete, but many confluent and extensive. The heart weight! .)?) tvi-i 
The myocardium showed purpuric areas throughout and the endocardium adjacent to the pulrai’nj.T 
valve showed similar hemorrhages. Both lungs were similar and showed focal areas of atelectasis, men- 
tion of the dependent parts, and edema and congestion of the tracheobronchial mucosa. The perinYeil 


Table 3. — Additional Hematological Data 


0 

& ' 
0 

V. 

u 

Osmotic 

Fragility 

(hypotonic 

saline) 

Bleeding Time 
(mmutes) 

Coagulation 

Time 

(minutes) 

Cbt 

Retraction 

Tourniquet 

Test 

(Rumpel Leeds) 

Other Tntj 

1 

0.8-0 19 




: 

Pallor of R.I1 C. 

Blood culture iterative 

2 

3 

4 

5 

Normal 

Also tested in 
one other — 
normal 

Irregularly 
prolonged in 
(2), (3), (4), : 
1 (5) 

Norma) in (2), . 
(3), 4), (5) | 

Markedly pro- 
longed in ! 

(2), (3), (4), 1 
(5) j 

1 Promptly pas- ■ 
hive in (2), | 
(3), (4), (5) ! 

Blood cultures rrntivc it 
(21, HI, (21, (!) 

Cobr indet al.'ul 1 a it 
(21, (31, <!, (51 
(2! II. 23, V. Her;, Jin; 
(3) V. Bcrf.oj-’dn:. 

1 



5 

None at 21 
hours 

Negative 

; 

j 

1 

M. JI.2 

Blood culture* ne.*id»e 

V. Berg 0.6 m:. 
Wassermano restive 

7 


Usually over 

30, once 1 1 

2 

Poor 


I.I. 10 to 

Hinton and Kahn errstne 

8 


Over 33 

23 

None at 48 
hours 

Positive 

| Sid. rate 33 mm. 

| 1.1.8 

9 

Hemolysis of 
at 0.51; 

1 10% at 0.41; 

50% at 0.33; 

! 75% at 0.26 



! 

; 


! i.i.jj 

No coMaciduinr-’ 

10 

0.42-0.30 

11.5 

3 

i 

! 

) 


U. 03 

Ptothromhin tv 

crea-ed. Jib’d '" 1r 
ne:Ati'« 

11 





j Scd rale *> 
j U.25 . 

j ffinto-i ittau'f 


cavity showed firm adhesions between the loops of small bowel an J an ^ ^ wnghed 

was hyperplastic and o oted blood- — 

v a . 15S , U. S. Naval Hospital, St. Albans, N. Y. 
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The brain was normal in size, shape, and configuration. There was sonic thickening of the basilar 
meninges. There were diffuse small hemorrhagic areas in the gray matter of the cortex, throughout the 
basilar ganglia at the level of the superior colliculi, and in the pons and cerebellum. 

Hiitolcgic Examination: Histologic sections, fixed in formalin and stained with hematoxylin and cosin, 
of the brain, spinal cord, heart, lungs, liver, spleen, adrenals, gastrointestinal tract, kidneys, prostate, 
testicles, lymph nodes, and bone marrow were available. 

The most striking lesions, present to the greatest extent in the brain, heart, kidneys, and a lymph 
node, were thrombi of the arterioles, capillaries, and venules (figs. 1-5).* 'The thrombi were made up of 
amorphous material staining a pink-red with hematoxylin and cosin stains. In some areas the vessels 
were filled with a finely granular matrix staining deeper than erythrocytes or hemoglobin (fig. 1). Occa- 
sionally, a small amount of the material occupied a portion of the vessel lumen. Often the adjacent 
endothelium of the vessels was normal. The vascular lesions of the brain, and a small number of lesions 



Deeper Staining Annas. Phosphotongstic Acid Hematoxylin X 1100 


'■tssels and o °r t !’ e - a< ^ c< ® Mature of proliferating endothelium that narrowed the lumen in some 
but wtte C U C 1C m ot * lers ^8 S - 3 ~S)- These lesions were most pronounced in the cerebral cortex 

fourth vc ^ ICS ? nt In mo d era te extent in the pituitary, choroid plexus, basal ganglia, pons, cerebellum, 
'cntricle, and spinal cord. 


The 


°f cases bv II0 ' es ’ ca P'" ar * es . and venules of the myocardium showed similar plugging, in the majority 
fibrosis and™™ 'j nat |° n cn< d 0t heli a l cells and hyaline material. There were focal myocardial necroses. 


arterioles Thes” 5 ' tra ^ C e P’ car dial hemorrhage. The kidney showed many lesions in the small cortical 
- ' . CSC |r sua Uy showed both hyaline material and endothelial proliferation. A glomerulus 

a t rombus or a focal endothelial proliferation. One small lymph node showed the most 


P nmictogtaphs were made by Mr. Leo Goodman, Boston City Hospital. 



Fid. z. Vertebral Marrow Arteriole Showing Coarse Clumps op Thrombotic Matrix with Foca 
Endothelial Proliferation. Phloxine Methylene Blue Xicco 


t © 


# § 


MU * 1 Sy 

. A' 


men 

i 


*. * « y .» 

* •* iW* d* 


* « 

is 1 


Fig. v Cerebral Cortex Vessel with Coalescence 

Proliteration of the Endothelium. Hematoxylin 
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'• .... ;/- W-.f’/v: ' & 

. ..e y >j 

Cortex \ essel with Thromdus and Considerarle Endothelial Proliieration 
Hematoxylin and Eosin X S40 

11. *-‘v*T rw ^-rF, - - • — - 

i . ' •• - U - * + *• . . • | 

I ,/ ' . v' ' ' ■ 

**?«-. •• " «, • <, "* 

i- ,r e '.’■?§ , -.' l '- •• / 

. ; 'U^7-. I- Or, -l/.. i>- ■ *■ ' . 1 $ 

’$ :.r •♦'•••••.: v, -v .'/'v;- ;• ;/®; «y-. P y,- 

f 4 S * *• • 

» • v - * m --sj; 

. •- .•*» •• .<r s & 


t Lc - •*. .• \ *% ° 1 

“■ >• co, m Vmil s ••--••• - * - J 

T »^ULP R0 UF ERATInN Tr° ExTENSIVENESS of Process, Predominance of Endo- 
. and \ arying Stages of the Lesions. Hematoxylin 
and Eosin X 390 
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r , „, b „ t . A few , h _ M 

n*.<* b “- • h ' "rf ■■' r-«p« »«,. M= g ,b'i”' :r; 

Anatomical D^muz* Platelet thrombi with endothelial proliferation of the capillaries and antr.Vfe 
of the bratn, heart, lungs, liver, spleen, adrenals, gastrointestinal tract, kidneys, prostate, testicle!, 
lymph node, spinal cord, and bone marrosv; petechiae and ecchymoscs of the face, pericardium r.vo- 
cardium, lungs, peritoneum, small intestine, and brain; focal myocardial infarction; focal infarction 
of the cerebrum; hemopericardium; cardiomegaly; splenomegaly; hepatomegaly; hyperplasia of the her.: 
marrow, vertebral and sternal; bronchopneumonia; atelectasis; tracheobronchitis; interstitial cell hyper- 
plasia of the testicles; megakaryocytes in the lung capillaries. 

Cast z (case n, tables i, 2, and 3): D. R., a 17 year old, single Negress, was admitted to iht Boston 
C icy Hospital November 2.8, 2946, by ambulance from her home because of deepening coma for the pro i- 
ous 12 hours. 

The patient had a long history 0/ admission to two hospitals for a variety of complaints. In ijp the 
patient had gonorrhea, toxemia of pregnancy, and was delivered of a full-term stillborn fetus. In 153; 
a Bartholin's cyst abscess was drained, and in 1345 she had an incomplete miscarriage. Extraction of 
abscessed teeth in the fall of 1945 was follosved by rash ascribed to a sulfonamide given prophylaaicalh' 
with the extraction. In January 1946 she was hospitalized for chest and joint pains and showed uriicirit! 
lesions about the elbows and left atm. She was treated symptomatically and discharged Irccof symptoms 
in February 294S tvirh a diagnosis of rheumatic fever, acute. 

The patient was followed in an outpatient clinic and had intermittent attacks of urticaria until Iw 
last admission to this hospital in November 1946. The attacks appeared to he precipitated by orange 
juice and contact with a dog. They were only slightly relieved by ephcdrinc or adrenalin in oil. In April 
1946 the patient was given bcnadryl, 50 mg. every' 3 hours, and in a few days her hives had disappeared. 
In July hives reappeared, bcnadryl treatment was reinsriruted, and was followed shortly thereafter b> a 
remission. In November urticaria reappeared and was generalized and the patient was given pirifx.-t 
amine for a short period before her death. _ 

About a week after the reoccurrence of urticaria, the patient complained of faintness, 5U,,c * a ' 1! '‘'‘ 
vomiting of blood, epistaxis, and a prolonged menstrual flow. Within a few days sh. 1,r - 

very 


weak, stuporous, and was admitted to the Boston City Hospital. 


andhospitalita- 


Physical examinations and laboratory tests during the patient’s many outpatient ' imszn P 
tions showed only a moderate anemia, a slightly increased sedimentation rate, and an e cctroczr ia t .. 
showed a P-R interval varying from 0.22 to .28-seconds. h ,. 

Physical examination upon final admission to the hospital showed a vvcll-dcv pc -F • JS , 
colored female in stupor. Blood pressure was 98 systolic and 76 diastohe (mm. mercu J, ^ 
respirations 30 per minute. Temperature was 97 -°° <?•)■ Pu P ,liar > rc * J tiv ' Thtr: va> a 
There was slight nuchal rigidity. Heart, lungs, abdomen, and « tr “ b J d lhi jht. fcs 

macular, circumscribed rash with irregular margins over the J 

jerks were absent, deep tendon reflexes sluggish; otherwise nhai n J ^ ^ 

Laboratory tests showed (tables 2 and 3) a marked hypoc roodcrJ(c leutneymm, « 

polychromatophilia with normoblasts present 10 the smear. There V jlues. A carbon dmstH 

Leric index of 25, and normal blood sugar, ^ d; wcfc normal. P’a<:h> 

combining power of 35 volumes per cent was found. Lumbar puncture *> 

were said to be “present" in the blood smear. . 


* We are indebted to Dr, 
thrombi. 


■. Paul Klemperer, who first identified the lesions ofcas. 


; j as those of f' 1 
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The patient was treated symptomatically, did not recover from coma, and died 6 hours after entry to 
the hospital. Death occurred about ten months after the onset of urticaria and vague generalized com- 
plaints, and about a week after acute symptoms appeared. 

Atrrorsv vindis'cs* 

Grni : Significant findings only arc listed. The visceral pericardium showed petechiac and ccchymoses. 
Section of the heart showed diffuse petechiac and hemorrhages throughout the myocardium, beneath 
the endocardium of both auricles and ventricles, and in the papillary muscles. Slight congestion and 
edema of both lungs was present. The spleen weighed 170 grams and the malpighian follicles were distinct. 
The liver weighed 1560 grams and was not remarkable. The combined weight of the kidneys was 340 
grams and they were normal except for a few petechial hemorrhages in the pelves. The right ovary con- 
tained two small cysts, one filled with blood, the other with serous fluid. The brain weighed 1110 grams 
and was not remarkable. The vertebral bone marrow appeared normal. 

Hiitihgic Examination: Almost all the smaller arterioles and many capillaries of the cpicardium and 
rm ocardiuin were plugged by finely granular acidophilic material. Adjacent to these thrombi there was 
some endothelial proliferation in many vessels, but the majority showed little or none (figs. 1 and 1). 
Thee lesions were identical to the ones seen in case 1, except for less endothelial proliferation. Rare 
oci of early necrosis of muscle were present. Throughout all the myocardium and in isolated subepicardial 
areas there were areas of hemorrhage. 

The lungs presented thrombi in the alveolar capillaries and these were frequently associated with 
pr°h cration of adjacent endothelium. Megakaryocytes were prevalent in the capillaries. 

n the portal areas of the liver thrombi similar to those seen elsewhere were present. The spleen was 
caractcrizcd by marked congestion, a few foci of stem cells, normoblasts and myelocytes in the sinusoids. 
In tlT ' r ° m ' ,0t ' C ^ es ‘ 0ns ‘ n t * le vessels of the stroma and in a rare arteriole of the follicles were present, 
and' '|* >ancrcas " CTC man r vascular thrombotic lesions distributed throughout the organ in the acini 

- branches ot the interlobular arterioles in the kidney cortex contained many thrombi, some with 
Some's? 1 0t * 1C '' a ' P r °bfc ra ti°n. A rare glomerulus contained a typical thrombus in the tuft capillary. 

"?* *f cn In "bich the endothelium was apparently normal and in others there was associated 
ceased ccllularity of the capillary wall. 

lesions wer' 2 ^' " a ^’ utcrus . esophagus, sympathetic ganglion, and a mesenteric node a few 

The m < T tC ^ ra ' marr0 ' v showed hyperplasia of both the erythropoietic and the granulopoietic series, 
lesions i a T° c ^ tcs a ppeared to be normal in number in some sections and increased in others. Many 

The brain T" 1 ” 0 ' 65 an< * ca Pblaries of the marrow were present (fig. a)- 
although a" S man y thrombi, most of which were unaccompanied by endothelial proliferation 
COltcx "T i0nal vessc * was conspicuous because of the increased ccllularity. The vessels of the 
astrocytes and" ^ an ^! a " crc most involved. Foci where nerve cells had disappeared were replaced by 
vessel. nncroglial cells. Some petechial hemorrhages were present, usually about a thrombosed 

heart, ] un g s ^ a P'bary and arteriolar thrombi with minimal endothelial proliferation of the 

node, vertebral'm'” S ^' CCn ’ k ‘^ ne >' s ' ovary, vagina, uterus, esophagus, sympathetic ganglion, lymph 
cytes in the 1 l " arr0 ' v an< ^ brain; focal myocardial necrosis; focal necrosis of the cerebrum; megakaryo- 
ftttchiae and ecch^' 3neS ’ extrarne< ^ u H ar >' myelopoiesis of the spleen; hyperpl asia of vertebral marrow; 

jmoses of the heart and kidney pelves; healed pleuritis, left apex; splenomegaly. 


^ REVIEW OF THE LITERATURE 

Moscho\vitz? Se S ^ 0W * n S t ^ le s P ec ific lesions of this disease entity was studied by 
had a 10 da *f P at * ent ( ta Wes 1, 1, 3, and 4) was a 16 year old girl who 

Weakness of ^b ° ^ C ^ SOC ^ e ac b ome , where she complained of joint pains and 
t e upper extremities. Later examination upon entrance to a hospital 

-Mallory Institute of Pathology. 
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disclosed pallor, petechiae, leukocytosis, and a marked anemia Mo nU , I 
” C J p " fotme f f h “ » ■!« h„piul .te p»», , fc J “ 

oped pares, of.he left arm aod leg, a alight facial paraly.ia, and , Jo„W t K„" 
refle.v. On her fifth hospital day pulmonary edema was present, the patient hear- 
comatose and she died two weeks after the onset of her illness. Autopsy disclosed 
hyaline thrombi in the terminal arterioles and capillaries. These were most atum- 
dant in the myocardium but also occurred in precordial fat vessels and in the liver 
spleen, and kidneys. The thrombi appeared as hyaline masses partially or com- 
pletely filling the lumina of small vessels and capillaries. In some places thrombi 
were invaded by fibroblasts and in other areas there was complete replacement of 
the hyaline material by proliferating fibroblasts. Vessels larger than terminal 
arterioles were noc found to be involved. Moschowitz believed that the thrombi 
were composed of erythrocytes, but no differential staining of the lesions wa- 
re ported. 

In 1936 Baehr, Klemperer, and Schifrin 2 reviewed the data on 4 additional cases 
that presented similar clinical and pathologic findings. They presented data (tables 
1, z, 3, and 4) showing that the disease is characterized by a rapidly progressive 
anemia, mild icterus, purpura hemorrhagica, and fever. Their patients were females. 
Leukocytosis, reticulocycosis and a marked thrombocytopenia were present. 
Clotting time was generally normal although clot retraction was poor. Bleeding 
time was prolonged. Transfusions did not appear to be of much assistance. Splenec- 
tomy was performed on 1 patient, but the patient died shortly after operation. 
Death occurred from nine days to two months from the onset of symptoms. Nec- 
ropsy revealed multiple diffuse hemorrhages into viscera and the presence of 
thrombi in capillaries and arterioles. Some of the thrombi were acellular while 
others were undergoing various stages of endothelialization. Very little evidence 
of necrosis was present distal to these thrombi. These authors showed that the 
thrombi contained no erythrocytes, hemoglobin, or any significant amount of 
fibrin. They believed that the thrombi were composed of platelets. Gitlow and 
Goldmark (case 1) in 1939,® Altshuie in 1941/ and Bemheim in 1943 s reported simi- 
lar cases, also in females. Bernheim's case was the first to show ischemic necrdsis 
in the brain and this author also found megakaryocytes in the lung, ro aug 
et al. G described, in 1946, the first case to be reported in a male, shone r at n 
collagen or fibrils were present in the thrombi, and stated chat the iseasc nas 
tinct and not a variant of essential purpura hemorrhagica. , 

Our case x was the second to be described in a male an «« flccrosj$ an ! 
diffuse extensive lesions of the brain with focal areas of hemo g . ^ ^ 

gliosis, most pronounced in the cortex. Case z, a Ne ^ CSS ’ esjons and c!in ica!iy 
scribed in a colored person. This case also had extern n months 

was of interest because of her history of urticaria and treatment m . 
by two new antihistaminic drugs-benadryl and pynbenza 

SUMMARY OF PATHOLOGIC FINDINGS (TABLE 4) ^ 

6 ms: Splenomegaly has been listed in aii l 00 ?*™' 

given in 7 cases and vary from 165 grams to 540 grams, ate g 

Infarcts were present in 5 cases. 


— f 
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Areas of petechial hemorrhages or ccchymoscs have been noted in 10 cases. 
Skin, serosal surfaces, and the heart have been the most common areas involved. 
The bleeding has been focal and generally slighr, but in our case i there were 150 
cc. of serosanguinous fluid in the pericardia! cavity. No massive intracranial 
bleeding has been reported in any of the 5 cases in which the brain was examined. 

Hepatomegaly was recorded in 3 cases, but the weight of the organ was given 
in only 1— 1000 grams in an adult. One autopsy revealed a nonbaetcrial thrombotic 
endocarditis of the mitral valve. 2 Enlarged axillary, mesenteric, and para-aortic 
nodes were present in 1 case. 


Tadix 4. — Autopij Ftr.Aings , 11 Cjiii 


No. of Ca«cs 

A. Gross: 

Splenomegaly. . . 

Perechiae or ecchvmoses . . 

Hepatomegaly . . 

Enlarged nodes (axillary, mesenteric, and para-aortic) .... 
Nonbaetcrial thrombotic endocarditis ... 

j 1 

10 

3 

1 

1 

B. Microscopic: j 

Platelet thrombi—capillarics, arterioles, or venules 

Heart, kidneys, liver 

Pancreas . . . 

11 

Adrenal .... 

Spleen 

9 

6 

Brain 

4 (5 examined) 

Infarcts (focal, small) 

Heart. . . 

Spleen .... 

5 

Liver 

Brain . . . 


Kidney .... 

3 

Adrenal . . . 


Hyperplastic marrow 


Megakaryocytes in lung 


Intralobular edema of liver. . 

3 

Hemosiderosis . 


M ten 


cv Platelet thrombi were present in the heart, kidneys, and liver of 

thcle ^ 10 cases the pancreas was involved and in 9 the adrenals showed 
'he brain £ S ^ een showed thrombi in 6 cases, and in 4 of the 5 cases in which 
■n the h V ' aS Cxam ' nC( l lesions were present. Small, focal infarcts were present 
Cases anT^ °^' 7 CaSeS ’ * n t * le s pl een of 5, in the livers of 4, in the kidneys of z 
in rhl. ° nCC ln r ^ e a drenals. Almost all organs of the body have been involved 
7 h e e C c °»P° sit e group of cases. 

thrombj Cntra ^ nervous s y ste m has been examined in 5 cases. One case showed no 
right hem’ P arcnc hy ma l damage. 3 The observation that the patient developed a 
P e gia terminally was of interest. One case presented vascular thrombi. 
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o parenchymatous damage was reported. 6 Thrombi were associated with fa- 1 
schemtc necrosis of the cortex in i patient. 5 Both of our cases showed ctJh 1 
damage associated with vascular thrombi. Focal hemorrhage, necrosis, and eliod 
occurred throughout the brain but were more prominent in the ’ 


L *u tut cortex. 

The bone marrow was described in $ cases and was said to be hyperplastic in all 
The megakaryocytes are usually not described. In i case they were said to be present 
m the usual numbers and appeared to be consistent with old megakaryocytes. Both 
of our cases showed some areas with an apparently increased number of megakaryo- 
cytes and other areas where they were normal. We were unable to detect in oar 
autopsy material any difference in the megakaryocytes of our cases and those of 6 
autopsied cases of primary thrombocytopenic purpura* However, the rapid disin- 
tegration of the cytoplasmic detail of megakaryocytes in autopsy materia! is well 
known, and biopsy or aspiration of marrow will probably have to be used to deter- 
mine whether platelets are being properly produced in the megakaryocytes in this 
disease. 7 

The presence in rhe lungs of megakaryocytes has been reported in i previous 
cases and was conspicuous in both of ours. These findings have been reported in 
Hodgkin’s disease, aplastic anemia, and various blood dyscrasias. We also noted 
the giant cells in each of 6 cases of idiopathic thrombocytopenic purpura that were 
reviewed.* 

Hemosiderosis was present in 3 cases. The spleen was involved twice, once in 
association with the liver, and in x case the kidneys alone were involved. Three 
cases showed an intralobular hepatic edema. 

Studies of Thrombi: In an attempt to determine the nature of the thrombi special 
staining of tissues was carried our. The tissues of case 1 had been fixed in formalin, 
and those of case z were fixed in Zenker’s fluid and in solution of 10 per cent forma- 
lin. Hematoxylin and eosin were used as routine stains in case 1 and phloxin: 
methylene blue in case z. All staining was carried out through standard proce- 
dures. 8 Weigert’s fibrin stain, Mallory's aniline blue connective tissue stain, phos- 
photungstic acid hematoxylin stain, Giemsa stain (Wolbach’s modification), van 
Gieson and elastic tissue stains, iron stain, hemofuscin and hemoglobin 5 sums, nil 
reticulum stains were done on representative sections. Brain sections were fixe in 
formalin and stained with cresyl violet, toluidin blue, and hematoxylin an conn. 

The earliest lesion that we have recognized (fig. 1) has been an amorphous in, ) 
granular precipitate in capillaries, arterioles, or venules that takes a ccpcr stain 
with phloxine and eosin dyes than do erythrocytes, hemoglobin, ° r P “® ’ 
teins. This material has usually filled the lumen of the vesse! but occa 
was deposited along a small segment of vessel wall and projecte | : rf 

the lumen. At this stage there was very little or no 

the vascular endothelium. Some areas in the material stained h PP ^ 

to be discrete masses suggesting that cells were trapped m appfltM ljra 

consolidation of the substance had occurred. A more common lesion, R ^ 

* From the autopsy and surgical files at Mallory Institute of Pathology from «»» ^ 
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later one, was the coalescence of the finely granular material into large coarse 
dumps of deeper staining matrix. Associated with this was a swelling of the 
endothelium lining the vessel (fig. i). 

A later stage of the process, we believe, was the coalescence of granular material 
into a hyaline thrombus that stained evenly and deeply with the acid dyes. Usually 
this was associated with focal endothelial swelling and proliferation with the cells 
aligned about the periphery of the thrombus (fig. 3). 

Another type of lesion, seen most frequently in the brain, was one that wc inter- 
pret as a further stage of the process (fig. 4). The thrombi were compact, hyaline, 
stained deeply, and were accompanied by considerable endothelial proliferation. 
In some regions this endothelial reaction was adjacent to thrombi, yet in the same 
vessel, afew micra away where no thrombotic material was evident, there was such 
endothelial swelling and proliferation that the lumen was markedly narrowed or 
obstructed. 

The lesions that we interpret as earliest (figs. 1 and i) were most numerous in 
tasei, one of only a week’s duration. The lesions showing endothelial proliferation 
as well as vascular thrombi (figs. 3 and 4) were more common in case 1, which was 
of about 5 weeks’ duration. However, even in the brain of case 1, in areas of exten- 
sive involvement one could find some areas showing all stages of the process (fig. 
5). In case i a few vessels could be found showing much endothelial proliferation. 
In view of these findings and the occasional occurrence of laminated thrombi 
where endothelial cells were interspersed between the layers of platelets, wc believe, 
with others, that the process is an intermittent one. 

With Mallory’s aniline blue stain the thrombi stained cither a lavender or pale 
re d, but no fibrillar elements were present. Phosphotungstic acid hematoxylin 
stained the thrombi a pale brown, but again no fibrils were present. A strand of 
occasional fibrin stained blue. Weigert’s stain for fibrin colored the thrombi a dull 
gray and only rarely were a few strands of blue fibrin seen in the thrombi. Weigert’s 
an van Gieson s stains revealed, respectively, no elastic fibers or connective tissue 
and C "^ urn hull’s blue stain for iron revealed the thrombi to be a dull red 

an no blue granules of iron could be seen. A reciculum stain showed a slight in- 
crease in reticulum in those capillaries of the brain with endothelial proliferation. 

lemsa stain (Wolbach's modification) showed the fused thrombi to be purple 
no '^ e ^ ne *T granular material in the earlier lesions stained a dark blue, but 
re color was apparent. Even in normal vessels with erythrocytes and leuko- 
^ rec ^ an ^ blue granular material similar to that present in the usual periph- 
00 smear was seen. In these normal vessels finely granular material, possibly 
Gierns tS ' St f* DCC ? ^ ue as did the finely granular material of the thrombi. The 
showed S j-j ain ^ n0t revea ^ bacteria or inclusion bodies. Hemoglobin stains 9 
greerujf 1 6 t0 be a red or brownish red in contrast to the olive green or 

D . ff ° erythrocytes and granular material in uninvolved vessels, 
of e r • i, triUa Stainin S has shown, we believe, that the thrombi are not composed 
s hgbt a r ° C ^ teS ’ hemoglobin, hemosiderin, leukocytes, collagen, or fibrin (though 
amounts of the last may be present). No bacteria nor inclusion bodies were 
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ound xn the vessels. We believe that the thrombi are masses of platelets despite th- 

act that definite red and blue material could not be seen. The well-known rapid 
disintegration of platelets in autopsy material precludes their absolute identic 
tion even in normal vessels. Chiefly by eluding the substances known to R- 
present in the usual vascular thrombus, the conclusion is reached that the thrombi 
in this disease entity are composed of platelets. 

Differential Diagnosis: Because of the similarity of clinical findings and courr 
it is obvious that idiopathic thrombocytopenic purpura (Werlhof) is the disease’ 
most likely to be considered in these cases. To determine if platelet thrombi were 
found in Werlhof s disease Baehr et al. re-examined the lesions in io autopsied cases 
( *7 “Cure and 3 chronic) of this disease.* They failed to find a single lesion showing 
platelet thrombosis. One of us (P. J. F.) has examined the histologic sections off 
autopsied cases of primary thrombocytopenic purpura that had been well studied 
clinically.* Three of these were acute and 3 chronic. No vessel showing any throm- 
bus similar to those presenc in cases 1 and 2. was observed. Hisrologic sections of 11 
spleens removed from patients with primary thrombocytopenic purpura were also 
examined. Seven of these were of the chronic variety and 5 acute. No vessel showing 
platelet thrombosis was observed in any of chese. In spite of the similarity of many 
of the clinical findings in the two diseases, we believe that our cases belong ro an 
entity whose platelet thrombi distinguish it from primary thrombocytopenic 
purpura (Werlhof). 

The considerable endothelial proliferation of the cerebral vessels brings to mind 
the lesions of the rickettsial group, and the diagnosis of one of these was considered 
when the slides of case 1 were first seen. Furthermore, it has been reported that 
platelec thrombi are found in scrub typhus (tsutsugamushi fever) by Allen and 
Spitz 10 in their thorough study of the disease and its comparison with epidemic 
(louse-borne) typhus and Rocky Mountain spotted fever. These authors showed 
that platelet thrombi could be found in the eschar, the primary lesion of scrub fever, 
and also in the macule, its rash. Infrequently the glomerular tuft capillaries of the 
kidneys or the septal capillaries of the lungs showed platelet thrombi. However, 
these authors found no platelet thrombi in the brain and they point our that, con- 
trary to the usual teaching, there is a "scarcity of histologically evident vascular 
damage in scrub typhus.” Epidemic typhus and Rocky Mountain spottc 
show much more vascular endothelial proliferation, in general, but these cases a e 
accompanied by arteritis or phlebitis and no evidence of platelet thrombi has Nr 
reported. All three of chese rickettsial diseases frequently showed some pa > 

interstitial pneumonitis, "typhus nodules," °r microinfarcts # - 

also are characterized by certain responses believed by 
allergic, i.e., fibrinoid necrosis of collagen, necrosis of l > r ^P h m J phl z:, 
characteristic cellular infiltrate with predominance of a bas p ^ 
and an acute, diffuse glomerulonephritis The mulup .ats of^ ^ jtJ{; 
entiate these diseases from diffuse platelet thrombosis. fh: 


of toxoplasmosis and malaria "granulom 
, an a surgical files at Mallory Institute of Pathology from >53 


1 thtoerh ‘i-’- 


* From the autopsy 
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findings in Rocky Mountain spotted fever, while Chagas disease resembles those of 
epidemic and scrub typhus. Rarely these might have to be considered, but the pres- 
ence of the specific parasite in the lesions solves the diagnostic problem. 

Periarteritis nodosa was considered clinically in case z in the belief that the pa- 
tient might have become sensitive to benadryl. However, the restriction of lesions 
to the smallest arterioles, capillaries, and venules and the absence of inflammation 
in the walls of the vessels are in marked contrast to the panarteritis of arteries and 
medium sized arterioles seen in periarteritis nodosa. 

Acute disseminated lupus erythematosus has been mentioned 3 as being closely 
related to the group of cases under discussion. Klemperer et al.” describe in lupus 
erythematosus disseminata occasional ‘'hyaline thrombi” in the glomerular tufts 
of the kidney. However, these authors, in their extensive studies of the disease, 
have shown that a characteristic feature is the diffuse degeneration of collagen. 
The "hyaline thrombi” are considered to be extreme forms of degeneration of base- 
ment membrane collagen similar to the “wire loops” described by them. Thus, of 
most importance in differentiating the two diseases would be the lack of platelet 
thrombi and the presence of diffuse fibrinoid degeneration of collagen. 

Endothelial proliferation of capillaries and arterioles is not uncommon in brain 
lesions such as hemorrhage, thrombosis, tumors, and the cnccphalitidcs, but in 
none of these are platelet thrombi prominent and the vascular changes arc secondary 
to the easily distinguishable primary process. 

Certainly, any blood dyscrasia showing relatively normal leukocyte and differ- 
ential counts with an anemia, thrombocytopenia, and bleeding tendencies would 
cause some difficulty in diagnosis. Symptomatic purpura of various types, alcu- 
'emic leukemia, aplastic anemia, pernicious anemia, and various types of neoplasia 
tn'ght simulate the disease occasionally. Bone marrow aspiration or biopsy should 
decide the diagnosis in most cases. 


DISCUSSION 

Thrombotic lesions of the type seen in the described disease are unique and thei r 
ccurrence has aroused much discussion as to their nature and pathogenesis. The 
consensus, at present, is that they are composed of blood platelets and our studies 
ar y n conformity with this belief. 

it can be decided that the material of the thrombi is platelet in origin, then a 
o eater problem is the explanation of the pathogenesis of the disease. For the 
f)l)rin at ^fj VaSCU ^ ar t ^ irom ^ us Is made up, largely, of erythrocytes enmeshed by 
form 1 atl ^ ate ^ ecs ’ ar *d normally platelets do not spontaneously precipitate and 
P r ofitaH C ^ atC ^ et t ^ rom t > i- A study of platelet agglutination would seem to be a 
dem 6 ex P^ orat f° n in this disease, especially in view of Ollgaard's 

diseases^ ^ °^ C ^ e rnar l ce d differences in platelet agglutination factors in febrile 
tion haj C reSt ’ anc ^ P os toperatively. However, his technic of platelet agglutina- 
a gglutini n ° t h >een re P ortec ^ * n this type of case. The only reported study on platelet 
demon ' nS ^ k £en ^ one on postmortem blood serum by Bernheim, who could not 

firoun In CaSe t ^ le P resence °f agglutinins for platelets of the same blood 
° “ as her patient. 
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Rccenr work by Copley and associates 15 has shown that platelet attrition,,' 
may occur independently of the usual mechanisms of blood clotting. Thev showed 
that whereas purified globulin fractions, purified prothrombin and thrombin and 
p asma containing heparin in high concentrations all caused agglutination of 
P , aC . C f sns P“«°ns, purified fibrinogen never caused agglutination. Thcv con- 
cluded that platelet agglutination was not brought about by fibrin formation-an 
important link in the chain of ordinary vascular clotting— and that the two proc- 
esses were governed by different mechanisms. We have been unable to find am- 
reported studies on abnormally formed globulin fractions or other substances that 
might give rise to platelet agglutination. 

Because of the absence of studies of platelet agglutination in these cases and the 
ptesence of considerable endothelial proliferation in the thrombi, it has been posiu* 
lated that the initial lesion in the disease is damage to the endothelium. The pres- 
ence in some tissues of endothelial proliferation in the absence of platelet thrombi 
further strengthens the possibility of the platelet depositions being secondary to 
endothelial damage. Trobaugh et al. 6 reported endothelial mitoses in vessels 
devoid of thrombi. However, there is apparently no definite relationship between 
the amount of endothelial proliferation and the platelet thrombosis unless it he a 
matter of the duration of the disease process. In case i, of five weeks' duration, the 
cerebral vascular proliferation was considerable. In case z, of only a week's dura- 
tion, the brain showed more endothelial proliferation than other organs, but even 
in these cerebral vessels platelet thrombi were predominant. Both of our cases, 
in general, were found to have overwhelmingly more examples of thrombosis 
without endothelial proliferation than the reverse, especially in case i, where 
extracerebral endothelial proliferation was uncommon. However, occasionally 
endothelial proliferation without apparent platelet thrombi was present. In agree- 
ment with other observers, we found varying stages of lesions even in the same high 
power field and interpret this as evidence of the intermittent nature of the process. 
With the evidence available it does not appear possible to decide, on morphologic 
findings, whether endothelial damage is primary or secondary. 

CLINICAL ASPECTS (TABLE i) 

In all patients there has occurred abnormal bleeding and in io cases it has oc * 
curred in the form of petechiae or ecchymoses. Usually there hate cn sag - 
symptoms for weeks to months of malaise, weakness, or joint pains, rricana 
been prominent in 3 cases and 3 others were said to have had upper resp 
infection” before the acute onset of symptoms. Progression 0 
occurrence of petechiae or hematuria has been the acute actor a P 
tients. Physical examination usually revealed pallor frequent ) lc h 

au-lait" appearance ( 5 cases), and petechiae or ecchymose, 
have been mentioned in 6 cases, and only one examination ^ he?it0 . 

as negative. Splenomegaly has been noted in 3 cases, one by spleno- 
megaly. Hepatomegaly was noted in a other case P f!:Vi . 

megaly. Enlarged cervical lymph nodes were noted 3 P 
tion of temperature was recorded in 10 cases. 
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One patient entered the hospital in stupor and another in scmicoma. Ten of the 
n cases gave evidence at some time in the disease, usually terminally, of central 
nervous system involvement. Headache, confusion, delirium, reflex changes, hyper* 
esthesias, stupor, coma, convulsions, facial weakness, and hemiplegia have been 
recorded. 

The course of all reported cases has been progressively downhill with death 
usually occurring within a few weeks of the onset of acute symptoms. 


HEMATOLOGIC FINDINGS (TABLES Z AND 3) 

All patients have shown a marked anemia and, when mentioned, the color index 
has been said to be "about i" (table z). Leukocyte counts have usually been within 
normal limits or have shown a slight increase. One case showed a count as high as 
30,000 per cu. mm. and i case was said to have had "leukopenia." The differential 
counts have shown polymorphonuclear Jcukocyrcs, lymphocytes, monocyrcs, 
eosinophils, and basophils to be within normal limits usually. In i case a “high 
staff count was present and frequently a few myelocytes were noted. Myeloblasts 
and blast” cells have been found occasionally. As might be expected with such 
a marked anemia, the erythrocytes have shown considerable abnormalities. 
Polychromatophilia, poikilocytosis, anisocyrosis, reticulocytes, and normoblasts 
have been present. 

In the first case studied no platelet count was reported. In one of our cases the 
only remark about platelets states that they were "present." In 3 cases it was noted 
that the platelets were reduced," there was a "marked thrombocytopenia," and 
the third showed a “profound thrombocytopenia.” In the 6 patients whose counts 
are recorded the lowest was 11,000 per cu. mm., the highest was 145,000, and the 
average value of 15 counts done on the 6 patients was 57,000 per cu. mm. Unfor- 
tunately, as in many of the other procedures, the normal values for the individual 
a ora tory reporting the results are not given. 

Erythrocytic fragility to hypotonic saline has been tested in 6 cases and has been 
essentially normal (table 3). Bleeding time has been reported in 8 cases. In 1 case it 
Mas within norma] limits. In 4 cases it was stated to be "irregularly prolonged." 

en minutes is given for another case, and z were over 30 minutes. Clotting time 
W 7 f or -d in 8 cases and was normal in 7. One report gave zo minutes, but the 
stat d US ^ WaS nOI: mcnt * one d- Clot retraction was mentioned in 7 cases. It was 
(out k t0 ^ rnar hedly prolonged” in 4, "poor” in 1, “nonretractile in twenty- 
^ rr ^ ours in another, and "nonretractile in forty-eight hours” in the seventh. 


° Urnic l Uet test was reported in 6 cases. It was "negative” in 1, "positive" in 

Trob' an< ^ Pr ° mpdy P os ' t ' ve ” in 4 cases. 
anem ^ au ^ et a E decided from their studies that their patient had hemolytic 
data W an< ^ cons ider this to be a feature of the syndrome. In most cases the 
or not V 0t SU ® c ‘ ent t0 decide the matter as to whether the anemia is hemolytic 
0r ^ eit «er of our cases showed any hemosiderin deposits in the spleen, liver, 
disease 0 marr0W ' ^ or were the splenic changes said to be characteristic of the 
k now P £ esent - Osmotic fragility tests have been essentially normal, but it is well 
n t at they may be so in hemolytic anemia. 
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— of from o„ si‘Zv^ tsrr~^ s tn! 

“ ‘ “ ?*""“■ f »"«' Hin.cn, Kahn, and WMm J ^ 

aSg ' n,nS WerC Searched for in 1 case - no abnormal titers 


Other Laboratory Tests : Urine examinations were reported in io cases: i were 
negative, i showed gross hematuria, and 7 showed microscopic hematuria. Various 
determinations for blood nonprotein nitrogen, urea, uric acid, crearinin, sugar 
calcium, phosphorus, and phosphatase have been within normal limits. Two de- 
terminations of total blood cholesterol were reported— one slightly above and one 
slightly below normal limits. In both the cholesterol esters were decreased. Stool 
cultures were negative for pathogens. A total protein determination in 1 case was 
low (5.6 Gm.) but the albumin-globulin ratio was normal. Lumbar puncture has 
been reported as negative in 2. cases. Electrocardiograms and roentgenograms of the 
chest have been essentially negative. 


ETIOLOGY 


Moschowitz, influenced by Flexner’s work showing that old erythrocytic or 
compact erythrocytic thrombi give a hyaline appearace in histologic sections, 
believed that the thrombi observed by him were composed of erythrocytes. He 
thought that some powerful poison with agglutinative and hemolytic properties 
was responsible for the strange changes found. 

Baehr et al. considered the disease a form of idiopathic thrombocytopenic pur- 
pura. They suggested that this disease was a product of a sensitivity phenomenon 
involving vascular endothelium. They believed that in the usual case of thrombo- 
cytopenic purpura, platelets escaped to the extravascular tissues through damaged 
endothelium. In the rare cases of platelet thrombi there was intravascular aggluti- 
nation of platelets with subsequent withdrawal of these elements from the circu- 
lating blood with the symptoms of thrombocytopenia. They pointed out that the 
vascular lesions resemble those in the Shwartzman phenomenon except for their 
location in the venules in the latter reaction. 

In relation co the factor of sensitivity, 3 patients had urticaria. One 0 t esc, our 
case i, had severe intermittent attacks of hives for one year prior to death, c nst 
attack was associated with the administration of a sulfonamide an was ic 
to be directly related to the use of the compound. The patient was treate 
benadryl and later pyribenzamine for repeated attacks of urticaria sat to a 
precipitated by agents such as orange juice and the presence 0 a og. n u 
recent emphasis upon the possible role of hypersensitivity to su nno: 

pounds and other agents in the production of periarteritis n0 05S ’ ^ 

avoid the conjecture that an analogous mechanism mig t e . n:s _ 

and that it produces platelet thrombi in response to tarious se fC 

antihistaminic drugs, or some sulfonamide. It is 0 iata '~* . ( - s hxs K-m Jail 

benadryl 15 - 18 have emphasized the toxicity of the drug an P ^ ofno:: 
on the involvement of the central and peripheral nervous sj 
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that many of the manifestations of the rickettsial diseases, in which platelet 
thrombi are occasionally seen, are said to be allergic in nature . 10 However, no 
similar lesion has been described in the toxicologic studies of benadryl 15 or of 
pyribenzamine , 20 and none of the other eases were known to have received anti- 
histaminic or allied drugs. For these reasons we do not believe that we can decide 
from available evidence whether or not these drugs had a causal relationship to 
the disease. 

The lack of inflammatory exudate in the lesions and the absence of bacteria or 
inclusion bodies in the endothelium of involved vessels speak against an inflamma- 
tory factor. Experimentally, Kielanowski and Sclzcr arc said to have found platelet 
thrombi in the vessels of rabbits receiving intradcrmal injections of Escherichia coli 
culture filtrate . 21 However, these reactions arc accompanied by a polymorphonu- 
clear infiltration not seen in human eases. Injection of colloidal materials into 
animals will produce agglutination of platelets, platelet thrombi, and an extreme 
thrombocytopenia . 7 Whether such a phenomenon is at work in this disease cannot 
be decided at present. 

It is patent that the cause of this disease is unknown. We do not believe that it is 
a form of periarteritis nodosa, lupus erythematosus disseminatus, or idiopathic 

thrombocytopenic purpura. With Trobaugh et al., we believe that it is a distinct 
entity. 


DIAGNOSIS 


No case has been diagnosed correctly" prior to death. Because of the bleeding 
ten encies and low platelet count the usual diagnosis has been one of thrombocy- 
topenic purpura, either primary or secondary. In our second case the previous his- 
t 0 Te°^ ea ^ aC ^ eS ’ anc ^ t ^ le stu P or iod to an admission diagnosis of brain tumor. 

e rapid progress of the disease and the neurologic signs are well-known 
eith' 6 Se< ^ Ue ^ ae a ^ so P rimar T or secondary thrombocytopenic purpura, so that 
event is not necessarily diagnostic. Anemia and icterus may also occur with 
purpura hemorrhagica. However, the syndrome of an acute febrile illness, throm- 
y to penia, purpura or any bleeding tendencies, anemia, icterus, and progression 
and Cntra ^' nervous s y stem involvement should suggest the possibility of capillary 
ca .. : , lrtCnc ^ ar thrombi. A bone marrow biopsy showing the platelet thrombi in 
in the ° f arter *°^ es wou id be diagnostic. In view of the presence of the lesions 
liev d S ^ erna ' marrow in our case i and in the vertebral marrow of case 2. it is be- 
Alth Sterna ^ biopsy should reveal the diagnostic thrombi in most of the cases, 
ug no reports of the presence of thrombi in skin lesions have been found. 


and 


an d amid 1 ]! eXam ined in case z showed no lesions, possibly they are present 

c ,. ° U e diagnosed by biopsy. Spleens removed from patients with thrombo- 
t hromb' 1C S ^ n ^ r0meS S ^ 0U ^ he carefully examined for the presence of vasculai 
1 as r ^ e organ has shown the specific lesion in 6 cases of the 11 examined 


TREATMENT 


and sun trans ^ uslons > intravenous glucose and saline, intensive vitamin therapy, 
rrise measures apparently do not arrest the course of the disease. Splenec- 
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tomyjas ammpoj I in , case, b», ,he pa.ieo, M s0 soon ^ ira 
of therapy could not be proper] v evaluated 
In view of the fatal progression of all cases known at present, the uncertain- 
regarding etiology, and the known dramatic results in some cases of liio-athi* 
thrombocytopenic purpura following splenectomy, the latter procedure miehr well 
be attempted if the diagnosis were made and if the patient did not reswrJ to 
medical treatment. t 


NOXtENCLATUR E* 

Inasmuch as the disease appears to be an entity and has been described by cum- 
bersome titles, a descriptive, shorter name would be appropriate. Since we are 
forced to conclude, with the data available at present, that the essential feature 
of the disease is a platelet thrombosis of the terminal arterioles, capillaries, and 
possibly venules we propose the name “thrombocytic acroangiothrombosis." 

This term would localize the lesion (aero — terminal, angio — vessel), state the 
nature of the process (thrombosis — plugging of a blood vessel by a dor), and 
identify the chief constituents of the lesion (thrombocytes — platelets). 

SUMMARY 

It is believed that there is a definite disease syndrome characterized clinically by 
fever, marked anemia, purpura, thrombocytopenia, central nervous system involve- 
ment, and a progressive fatal course of a few weeks’ duration. Histologically the 
presence of platelet thrombi in the capillaries, arterioles, and venules is pathogno- 
monic. Only by histologic demonstration of the platelet thrombi can the disease 
be definitely differentiated from idiopathic thrombocytopenic purpura. 

The data of 9 previously reported cases of this rare disease arc summarized an! 
2. additional cases reported. 

Diagnosis of the disease probably can be made by bone marrow biopsy 0., pos- 
sibly, by skin biopsy. If a case be diagnosed and the patient is no: responding to 
conservative treatment it is suggested that splenectomy be considered. 

Spleens removed for thrombopenic diseases should be examined for f.ate .t 
thrombi in the possibility that unrecognized cases of the disease have been treate- 
by this procedure. Proper evaluation of splenectomy in this disease might be iuc 
by follow-up study of any cases showing platelet thrombi. 

The name "thrombocytic acroangiothrombosis” is suggest: 0. t i> 

addenda 


Cast } 

Since this article was submitted, a third case has b-m ^ relieice 

S 4 ). A 24 yeas old while »ale 

atered the Boston City Hospital April 30, 194/- h . ba j chills, 

acient had pains in both knees. One week prior to adm.ss.on H ^ 

* We are indebted to Dr. Robert M. Green, of Boston, for his assistance c its. 

: this disease. 
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backache, and abdominal pain. He was treated by a physician with aspirin but 
upon recurrence of symptoms, 2. days prior to admission, he was given a sulfona- 
mide. Vomiting occurred 2. hours after the initial dose, but subsequently at least 
11 tablets were taken. One day prior to admission a macular rash appeared over 
the face and neck, his urine was red, and epistaxis occurred. Sulfonamide adminis- 
tration was stopped but the urine remained red. His physician advised hospitali- 
zation and thought the patient had sulfonamide toxicity. The patient stated that 
he had had rheumatic fever at iz years of .age and was kept in bed for 3 weeks. At 
18 years he was rejected by his draft board because of cardiac murmurs. One year 
prior to admission he had taken 12. tablets of a sulfonamide for laryngitis. 

Positive findings on physical examination were a sallow appearance; petcchiac 
of the conjuntivae, mucous membranes of the nose, cheek, tongue, and palate; 
ecchymosis of the nail bed of the second finger, right; generalized Jymphadenop- 
athy; cardiac enlargement with a systolic apical murmur. Laboratory findings were: 
R-B.C. 1.3 M., hemoglobin 7 Gr., and W.13.C. 11,650, with a differential count of 
86 per cent polymorphonuclear leucocytes, 11 percent lymphocytes, and 3 percent 
monocytes. Corrected blood sedimentation rate was 11 mm. (Wintrobc). Two 
platelet counts each showed less than 50,000 per cu. mm. The bleeding time was 
3-5 minutes, clotting time 4 minutes, and there was good clot retraction in 1 hour, 
he tourniquet test for capillary fragility was positive. The icteric index was 5, 
urobilinogen was 1:40, the urine showed a few red blood cells and leukocytes, the 
nonprotem nitrogen was 46 mg. per too cc., and the stools were guaiac negative, 
cctrocardiogram was interpreted as being within normal limits. 
n t e belief that the patient had rheumatic heart disease and subacute bacterial 
cn ocarditis the patient was treated with penicillin and given blood and plasma 
mans usiom. On his fourth hospital day he had generalized convulsions for a few 
minutes, followed by confusion and disorientation. The seventh hospital day he 
«xles CO f VU k'° nS ’ k £Came maniacal, lapsed into coma, and w'as incontinent. Epi- 
£ . S 0 c° nv ulsions continued intermittently and the patient remained comatose 
of r u eat " on the eleventh hospital day, approximately 1 month after the onset 
^ g t joint pains, and about z weeks after an acute episode following the ad- 
th | Stratl ° n c ^ e sulfonamide drug. Showers of petechiae appeared throughout 
becain ^ ^ °^* S *^ ness - Previously normal temperature, pulse and respirations 
this 6 . lni ? r ^ aSea during his last 4 hospital days, the temperature varying during 
from _ r ° m 101 t0 I0 d° F-> pulse averaging from 12.0-140, and respirations 
taken Y'° Y, r minuCc ' Six blood cultures showed no growth. A lumbar puncture 
Auto tef 1 C b >at * ent s ^ rst convulsion was negative, 
surfaces numerou s petechiae and ecchymoses over the body and serosa] 

ov cr the C ^ Cart We ‘&ki e d 400 Gr., contained many petechiae and ecchymoses 
The m C V T a! P ericar dium, but there was no evidence of valvular disease, 
showed srY Um revea ^ bocal areas of yellow and red discoloration. The lungs 
*3^0 Gr 'ad C ° n ° eSt ' 0n ar *d edema. The spleen weighed 2.00 Gr. and the liver 
was present n£U ^ er Was remar kable. Slight generalized lymph node enlargement 

of the history, our previous experience with the disease, and the autopsy 
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findings, particularly the focal myocardial necrosis, a diagnosis of thrombocytic 
acroangiothrombosis was made. Histologic sections revealed the typical findings 
of platelet thrombosis in arterioles, capillaries, and venules, most prominent in 
the heart but also present to a considerable extent in the kidney, liver, brain, 
and lungs. Sternal marrow, again, showed lesions. Staining reactions were identi- 
cal to those previously described. Additional findings were necrosis of vessel wills 
adjacent to thrombi and the presence of material in some perivascular areas ap- 
parently identical with that of the contiguous intravascular thrombus. Focal 
necrosis of the myocardium was prominent. There was considerable endothelial 
proliferation throughout the vascular lesions as well as platelet deposition, al- 
though the latter was the mote marked. This case appears to emphasize again the 
possible role, at least in some cases, of a sensitivity factor m the pathogenesis o. 

tb WhilTthe proofs of this article were being corrected, one case of platelet thrum- 
g'l., Scbikcr, I. M./ahd Humphry, D. C "te Me 

tatoa Ciry Hospital, for the cl.mcal data of Cases .al, 
pfffrFXCES 
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hours. Two days later she was very restless, had severe frontal headaches and later was confused and dis- 
oriented. On the sixth day after admission, the patient lapsed into coma and died. A blood examination 
on the third day showed the following findings: Hgb 5.1 Gm. (33 per cent), R.ll.C. 1 .S7 M., W.Il.C. 
99x1, platelets fcoo, hematocrit 17 per cent, color index o.SS, M.C.V. 91 cti. micra, reticulocytes 15 per 
cent. Differential count: polynuclear granulocytes: segmented 3S per cent, nonsegmented 6 per cent. 



A. Done marrow showing megakaryocytes (Magn. 340 X) 


' MN 



'ymphocy 

Domydocy 


Lung with capillaries filled with megakaryocytes (Magn. 340 X) 


• yclocytes ^ CCnt ’ cos ’ no P^^ s 1 per cent, monocytes 12. per cent, neutrophil myelocytes 8 per cent, 
nte (Vesrergren'Tw CCnt ' m ^ 0 ^ asts 1 P er cenc , nucleated red cells 3/ico W.B.C. The sedimentation 
' cu kcmoid reaction mni ^ not ^ cr klood smear taken a days later showed disappearance of rhe 

l:i - The white ceU r . erna ' P unc ture: marked erythroid hyperplasia; the erythroid-myeloid ratio was 
series showed a preponderance of the more immature forms. Most of the megakaryo- 
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tvici, which were definitely increased in number, were normal in appearance. No signs of increased or 
decreased platelet production by these giant cells were demonstrable. The differential count of the bone 
nil now cell' Or*” cells counted) was: megakaryocytes t per cent, histiocytes (reticulum cells) 1.5 per 
tent, peers throhluti o.j per cent, basophilic erythroblasts 4.1 per cent, polychromatophilic erythro- 



C. laser showing thrombosed vessels (Magn. tpoX) 

<•*“ .? - - - • ■ 7 '•’* •' ' ■ v* 7 ^ ^77 

* . r • V. . ,'C-' : , 
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t‘»' r »'Vv‘ ' >• s’; 3 

t*- sj,v/»V a* • * t 

/p". 2&&1 

p/ : • 1 

■>r v* 

; . . . .A* *■ * . v . s* 

.\ ; 0*. 57* 7*-- — -*'-"-7 

‘ - V '77 !bv large thrombus (M»S«- '' oX) 

D. Heart. Artery svcludedbs larg 


, ccnt , promyel**)' 1 ” 

11 tstnivr ecu. ortltoshromatic erythroblasts }> P ;r .7 „ c per cent, band forms t-5 F ^ 
Olasts l ,i,«,ick lt.t 


imatic erythroblasts js P> r ^ ’ es 0 .6 per cent, band orm cen t. 
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< 1 , , ( .y., cent, eosinophilic poiynucw. • ■ . Gross findings. epic 

} K £ (Only the essential changes are given- k(J I10 Cm. The P 

K ; \ of hemorrhages were present. The 
pale and numerous area. 
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showed several petechial hemorrhages. The myocardium, especially that of the right ventricle, was 
mottled with pin-point and larger red spots. Small yellowish brown discolorations, measuring about 
4-6 mm. in greatest dimension, were found in close association with the red areas. The liver weighed S50 
Gm. The edges of the liver were rounded. The cut surface was a light yellowish brown and dry. The 
spleen weighed no Gm. It was quite soft. The cut section was dark red with faint trabecular outlines. 
The follicles were prominent. Both kidneys weighed 160 Gm. Their surface was mottled with a large 
number of tiny reddish dots, causing a (leabitten appearance. Some of the mesenteric and periaortic lymph 
nodes were enlarged, soft and of a purplish red color. On sectioning, prominent follicles were noted. The 
brain disclosed two areas of subdural hemorrhage, one over the right postcentral gyrus and the other just 
beneath the tentorium, each measuring 1 by 1 cm. The right cerebral peduncle was rite seat of an area of 
hemorrhage, measuring about 1 mm. in diameter. 

Microscopic findings: Heart: Innumerable thrombi were seen throughout the sections. They were 
located in the capillaries, arterioles, and in smaller arteries. The thrombi consisted mainly of thrombo- 
cytes and some fibrin. Red blood corpuscles were not present in these thrombi. There were numerous foci 
of hemorrhages and early necrosis of heart muscle fibers located mainly in the neighborhood of the throm- 



E. Blood vessel with platelet thrombus (Magn. 340X) 


bosed vessels. I n , 


1 the papillary muscles the thrombi were especially numerous. Similar thrombi were seen 
tesembr acconi P an ' c< i by small infarcts. Many capillaries were plugged with multinucleated cells 
ar terioIcs^\ n hM 5 ^ lr ^ OC ^ tCS *' ver a Eo disclosed platelet thrombi. Here they were only found in the 
nresm. ■ ’ ? " C P orta ' an ^ central veins were free. A considerable amount of round cell infiltration was 


^prarenal' ^ s P aces - Platelet thrombi were also noted in the spleen, kidneys, urinary bladder, 

rotrous a ' ? ancreas > anc ^ brain. The general architecture of the lymph nodes was well preserved. Nu- 
plasia of ” am * ca P'^ ar ‘ cs were thrombosed. Patchy areas of hemorrhage and a distinct hyper- 
wa s m lr i CC( j , rctICU °‘ cn dothelial cells were noted throughout the sections. Within the bone marrow there 
Ci pi!latics ,' nC T °^ a ^ cellular elements, particularly of the megakaryocytes. A few small thrombosed 


> were also encountered. 


DISCUSSION 


previ ni .^ ann S t ^ le clinical and histologic features of our case with those of the 1 1 

count ? sported ones almost identical clinical and pathologic findings are en- 
"tered. From this i ‘ 


entl ‘>-. How, 


it is quite obvious that we are dealing with a definite disease 
ever, most of the authors describing this disorder emphasize the his- 
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•»I.T.ic r hue p:,y relatively little a, t0 tht cKllital 

X ft r ! h ' cliniMl !>«■» »«d its diferentiallX D*” 
C C * 5C can bc r «ogmzcd ante mortem will an appropriate study of a, 1 
f * me mechanisms become possible. R P StUd) of thc P albo ' 

Vfrrw.e/er ).- In order to make a clinical diagnosis of this disease it is imperative 
that the diagnostician consider this rare disorder when confronted with a syn- 
drome of thrombocytopenic purpura. A glance at the list of references'-’ will 
demonstrate that no distinctive name has been attached to this disorder until now 
I fir term generalized arteriolar and capillary platelet thrombosis" is too Jong 
and cumbersome for practical use. \V C suggest the name "thrombotic thrombocy- 
topeiiK purpura" for this syndrome, using thc word "thrombotic” in the sense of 
■ caused by thrombosis.” 1 " Thc name also emphasizes the most plausible theory' of 
the pathogenic mechanism responsible for thc thrombocytopenia, namely the 
disappraraiice of the platelets from the circulation due to the formation of myriads 
of platelet thrombi. : 

L.:::, Ait .Six. 1 he cases of "thrombotic purpura" reported thus far occurred 
in both whites and Negroes. Thc age of the patients varied from 5-66 years. Of the 
t: reported cases .^including our own) } were observed in children under 16. The 
disease seems to occur more frequently in females than in males, although the num- 
ber of observations is too small for any definite conclusions. At present the ratio is 
3 t for tlie preponderance in females. 

S)-:f The symptomatology of "thrombotic purpura" can be divided 

into 1 groups of manifestations. The first, which may be found in any of the throm- 
bvKVtojvnic purpuras, comprises petechiae and ecchymoses, epistaxis, melena, 
hematuria, and the laboratory findings of diminished number of platelets, pro- 
longed bleeding time, positive tourniquet tesr, and poor clot retraction. The 
second group contains the features which may make the clinical diagnosis possible 
am! will therefore be described in detail. 

(hut: Pr. JrcK.i! Swiftens. "Thrombotic purpura” is an acute illness. Most 

patients give thc history of an upper respiratory infection a few days or weeks prior 
to thc appearance of thc purpuric manifestations. Malaise, generalize ac es an 
pains, arthralgia, throbbing headaches, and dizziness may be note • ere may 

nausea and vomiting. Slight jaundice, the development of petechiae and progres- 
sive pallor often bring the patient to the physician. At this time t ere is 

always fever of 100-101° F. . . 

Pfostu! JLvMuiajtm: may now show the following abnormalities: 

Shu: There are numerous painless petechiae and ecchymoses. 
have noted a peculiar brownish "cafeau lait" co!or - 1 '', itofthe anemia 
PJ/cn Anemia is a constant and conspicuous [ wtur /, observed. Some- 

is out of proportion to any loss of blood which may • y di tendency 
times the anemia may precede the external manifestations of the bleed ng 

due possibly to a hemolytic process. js a cons rant finding; 

jLuhct urn! 1 hpjto-SpIenme fitly- Manifest or latent 1 onc half 

the jaundice is always slight and of thc acholuric or retention type 



K. SINGER, T. P. BORNSTEIN AND S. A. WILE 


the cases the liver and spleen arc palpable. This hcpato-splcnomcgaly (always of 
moderate degree) may be of great importance for the differential diagnosis. 

Mental and Neurological Manifestations: Almost all cases develop mental symp- 
toms in the coarse of the disease. There is restlessness, confusion, irritability, in- 
coherent screaming, muttering delirium, and stupor. These symptoms may be 
transitory-, followed by lucid intervals. Convulsions arc not infrequently seen. 
Besides these general symptoms of cerebral involvement, some cases show definite 
signs of focal lesions: facial weakness, hemiplegia, aphasia, dysphagia, apraxia, 
etc. Significantly, however, even these organic signs arc often of a transient nature 
and thus differ fundamentally from the cerebral involvement (hemorrhage into the 
brain) seen in the other varieties of thrombocytopenic purpura in which this wax- 
ing and waning of signs is not observed. Rarely docs the disorder begin with 
neurologic manifestations and is then followed by the other symptoms. s 

Fever: Fever is almost always present. It is usually moderate in degree (ioo- 
ioi F.) but terminal hyperpyrexia of io6-io 7°F. is not unusual. This elevation of 
temperature throughout the course of the disease is of diagnostic significance, as 
in essential thrombocytopenic purpura fever is usually lacking or slight. 

Cardiovascular System: Acceleration of the pulse is noted in relation to the fever 
an anemia. Systolic murmurs over the base of the heart arc common. Only in two 
cases was a thrombotic nonbacterial endocarditis” observed. 3 - 9 The blood pres- 
sure is not altered by the disease. 

G-l. and G.U. tracts: Vomiting and nausea are frequent. Melena is occasionally 
present. Hematuria is a constant finding but usually only discovered on micro- 
copic examination. Smoky urine was seen in only z cases. 2 - 9 
sult^ Bacteriological studies of the blood have not given any re- 

Tfi . C unne a lmost always shows moderate albuminuria and micro-hematuria, 
of the hi* 10 present, but urobilinogen is markedly increased. Examination 

• e ^ows a varying degree of anemia of the normochromic normocytic 
ret' I e ®°gl°bin values of 5 or even 3 grams are common. There is marked 

NucleaT^ 10515 ° Ut n ° s Ph eroc ytosis, and the hypotonic saline fragility is unaltered. 
m Mte ^ CC ^ S 3re a common finding in the peripheral blood, sometimes as 
vated ^ 100 w ^ te cells being seen. 2 The serum bilirubin is moderately ele- 

these ' U ‘ CS t ^ 1C hemolytic index 11 have not yet been performed. According to 
■pjj ' nl f rla t h c a nemia may well be classified as of the hemolytic type, 
shift to^h 16 ^ 00 ^ CC ^ S arC Et ^ rSt moderatel y increased in number with a slight 
Phc im C e t- P ater on a myeloid reaction may be seen (in half of the cases). 
myc lo , atU ! r ? C£ hs ln the peripheral blood are myeloblasts, promyelocytes and 
nos i s . j CS ' ls ieukemoid picture is of great significance in the differential diag- 
When the 'cF ^ ° n .^ transient as ln our cases, and may therefore be easily missed, 
valmki lsease is suspected, daily examination of blood smears may be a very 

pi b ^ procedure. 

longed th ^ muc h diminished or absent, the bleeding time is often pro- 
Onlv a test positive, and clot retraction poor. 

V one marrow studies by sternal puncture have been reported. They 
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usually show an erythroid hyperplasia and a normal or sliohrl ■ 

isSK zrzzr of 

T’ ,blc , ' l,SK ,h ' i» 'he ,a ob„rv„io„ ,»,*£■ 

'"..“7 ?“ “* d ”«' Pi=»« of ''thrombotic ,hromW„ p ., ic „ 
pur., that of acute febrile illness cherac, triced bp a sZZi, Z 
proportion to any observed blood lost, mild acholuric ja.odict, h e 2 Z. 
mcjaly in half of the reported cases, bitarte and iotcrmitteotmental aad nearoloji- 
cal sj mptoms and signs of a transient nature and a leukemoid reaction in the 
peripheral blood, besides the hemorrhagic manifestations commonly seen ' 
thrombopeme purpura. 


in 


DIFFERENTIAE DIAGNOSIS 

With the clinical picture of purpura, determination of the platelet count will 
readily demonstrate whether the presenting syndrome belongs to the thrombo- 
cytopenic or nonthrombocytopenic variety. If a diminution of platelets establishes 
flic tiiiignosis of the former, the possibility of “thrombotic purpura” should be 
considered. 

An entirely satisfactory and generally accepted classification of the various 
thrombocytopenic syndromes is nor available at the present time because of our 
very incomplete knowledge of the pathogenic mechanisms involved. If one accepts 
the theory that the megakaryocytes of the bone marrow produce the platelets”' 15 
one must also accept the concept that their production and release are likewise 
controlled by various metabolites or hormones. The existence of a splenic inhibitor 
of the marrow has recently been demons trated.” -21 The role of such a “splenic 
hormone" has, however, not yet been sufficiently studied in the various types of 
purpuras. Although it may be premature to base any classification of the thrombo- 
cytopenic syndromes on our present knowledge of functional principles, such a 
correlation is attempted in this paper. The following types of thrombocytopenic 
purpura may be distinguished: 

I. Diminution of platelet production caused by aplasia or hypoplasia of the mega ryo- 
cytic apparatus. This is seen in the aplastic anemias of rhe idiopathic or o t c 
symptomatic cype (osteosclerotic anemia, effect of benzol or gold salts, x-rajs, 
radium, etc.). In these conditions there is anemia, leukopenia, and throm 09 to- 
penia, the marrow is empty, and the course of the disease is usual!} a c ronic 
Histologically the few remaining megakaryocytes appear to be normal. ^ 
z. Diminution of platelet production due to interference by foreign cells 
group belong the diseases in which one can demonstrate an ins asio „i ojn3 
marrow by foreign ceils. (Gaucher cells, cancer or s, 

cells, etc.). The disorders which show a proliferation 0 hvocrplasia 

i.e. the acute and chronic leukemias, also fall into this group. t J ombocJtopefl j c 
of the erythroid apparatus is sometimes also accomp b ^ ochromic aDeffl ia. There 
purpura, as in severe pernicious anemia or in pr™-T> Z The antiperni- 

mny be either mechanical interference or a metabo 1 
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thrombotic Thrombocytopenic purpura 


on tht *“• 

col. ,„c elevation „ f 

disorders the diagnosis can usually be made withoufgreat difficulty from f f* 
marrow tancar HisroiogicaUy the mrgalraryocyre, a^e" ^ 

S.v ere hemolytic anemia of the acquired type with thrombocytopenia is unusual 
In nocturnal hemoglobinuria (Marchiafava-Micheli syndrome) diminution of 
platelets is frequently seen but not accompanied by purpuric manifestations a The 
chronic character of the disease, the hemoglobinuria, and the nocturnal rhythm 
arc sufficiently distinct features. 

3. Inhibition of release of tht platthts. To this group belong the cases of thrombo- 
cytopenic purpura which have been classified as "Werlhof's disease" or “essential 
purpura." Recent investigations have demonstrated that this syndrome is caused 
by an inhibitory influence of a “splenic hormone” on the bone marrow. 14 - 11 The 
number of megakaryocytes is increased but they show great diminution in platelet 
production; 15 following splenectomy the production of platelets from the mega- 
karyocytes often becomes demonstrable to an extreme degree. 15 This "splenic 
inhibition" syndrome may be present in an acute or chronic form. In the acute 
type, which is of special interest in the differential diagnosis of "thrombotic pur- 
pura," fever is absent or slight, and when present is caused by secondary infec- 
tion. Anemia is present only in proportion to the blood loss. Neurologic 
manifestations occur but are caused by gross hemorrhage into the brain and are not 
of an intermittent type. Hepatomegaly is not seen and splenomegaly is a rare find- 
ing. Lcukcmoid reactions are rarely encountered. 

Splenic inhibition may also occur symptomatically in liver cirrhosis, in conges- 
tive splenomegaly and in Feity’s syndrome, but the clinical picture in these latter 
disorders is usually of such a nature that it does not resemble thrombotic pur- 
pura.” The megakaryocyte pattern in the symptomatic splenic inhibition may N 
the same as in Werlhof's disease 15 or may be a normal one. 15 Further extensive 

marrow studies in these disorders are indicated. 

4. Allergic p/trpi/M. The fourth group comprises the cases of allergic thrombocy- 

topenic purpura which may be caused by allergy to drugs (sedormid, quinine 
sulfa compounds, etc.), to food stuffs, -6 or to bacteria or 'iruses. tpt ’ 

attack of the pathogenic mechanism operating in this group is note e. r 

has recently pointed out that in such cases there is a constderab e m e ^ 
eosinophils in the marrow even in the absence of eosmop 1 a ‘J^., 

blood. No such increase has been observed in thrombotic F r P u ^’ throm b 0 tic 
the course of the allergic purpuras is never as stormy or rapid as in the 

variety. . • n occasionally but 

5. Infectious or toxic thrombocytopenic purpura. Ihis >p- endocarditis, 

by no means regularly in Me*. *»» 

typhoid fever, smallpox, infectious mononucleosis P ^ ]ymphocyro sis. :i 

this group also belongs Minot’s thrombocytop-m p P Schwartz a nd one of as 
The mechanisms causing these purpuras are unknown. . ■ with chrombm 

(K. S.) have recently observed a case of infectious 
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cytopenia in which the marrow showed a marked cosinophilia. It is therefore con- 
ceivable that an allergic mechanism may also be in operation in some of these in- 
fectious purpuras. 

"Thrombotic purpura' ' can easily be differentiated from the first and second group. 
Ifaleukemoid picture is present, exclusion of leukemia is necessary by means of 
marrow studies. It can also be ruled out on clinical grounds. Thrombocytopenia 
is regularly found in acute leukemia which, however, shows a different blood pic- 
ture (hiatus leukemicus, Naegeli). In chronic myelogenous leukemia, purpura is 
only seen in the last stages of the disease. Allergic purpura can also be differentiated 
by means of the stormy, febrile course of "thrombotic purpura" and the absence 
of eosinophilia in the marrow. Splenogcnic "essential" purpura rarely’ shows the 
degree of anemia, fever, and the transitory’ neurologic and hematologic responses 
seen in thrombotic purpura." The greatest differential diagnostic difficulties may 
be encountered in the symptomatic purpuras of the infectious or toxic type; often, 
however, the underlying disorder may manifest itself so obviously that the diagno- 
sis can be established. In subacute bacterial endocarditis, for example, the blood 
culture, the history of a pre-existing heart disease and the type of murmurs may be 
of great help in the differentiation. A ly r mph node biopsy may’ also be of great 
diagnostic value if the characteristic histologic pattern can be found. 
Although the recognition of "thrombotic purpura" is not simple, we are certain 
at when familiarity with this clinical picture increases, ante mortem diagnoses 
svi 1 certainly be made more often in the future. 


PATHOLOGY AND PATHOGENESIS 

The remarkable histologic pattern which is found at autopsy in the cases of 
t rombotic purpura” consists of innumerable thrombotic lesions within the capil- 
aries and the small arterioles. There is general agreement that these thrombi are 
^omposed of masses of platelets. Only a small amount of fibrin and no erythrocy’tes 
e oun in the thrombi. In the capillaries of the lungs characteristic megakaryo- 
l^. 1 . rolr du may be present. This is a frequent but inconstant finding. The endothe- 
beli min ^ t ^ ,e vessc ^ s shows proliferation of varying degree. Most observers 
leve that this endothelial reaction follows the formation of the thrombi and is 
C ° re a secon dary phenomenon. Aitschule 5 considered the possibility of a pri- 
^0 vascular disease with secondary thrombus formation. In support of the first 
dama ^ lnter P reta tions are the observations that no evidence of endothelial 
ar e ion d ^ emonstra ^ e ' n an 7 other parts of the vascular tree where no thrombi 
tion°f t V ^ Ut r ^ at t ^ rom f >os is may be present without any noticeable prolifera- 
'vall with" Cn ^ 0 ^ ,e ^ um ' I 0 the case of Carter, 8 however, necrosis of the capillary 
and T k extrusl °n of the thrombotic material into the adjacent tissue was seen, 
the hist a ^' found swelling of the capillaries without thrombi. From 

thrombi ° C |' S>nC ^ nc ^ n 8 s is quite obvious that the formations of the platelet 
the ' ta C ^ aCC * n a accession of attacks. 5 One is tempted to speculate whether 
* c h ar acter of some of the manifestations of "thrombotic purpura” 

There ’ & r f^ ate< ^ t0 suc h paroxysms of vascular occlusion. 

a so general agreement amongst all pathologists who have studied 
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nartd Ui^^r^oIj^arccririL^he vasc^ritt^rTn thKe^atter^iT 3 ^ 2 ^ 

primary alterations of the wall of the blood vessels, wherLs in' 

'^Ihchr’K^^ 1 "' thr ° mbia [ e Ac outstanding feature of the histologk paHcrn" 
. , Klemperer and Schifnn- suggested that the myriads of platelet caught in 

the rhromb, may account for the lack of thrombocytes in the circulating bW 
The increase of the number of megakaryocytes in the bone matron- could then b- 
explamcd as a compensatory reaction. This “exhaustion theory” may plausiblv 
account for the d.mmunon of platelets in the blood but does not satisfactorily 
explain the bleeding tendency. BedsonV 9 repeatedly confirmed experiments 56 have 
shown chat lack of platelets produced by intravenous injection of agar or anti- 
platclct scrum docs not result in purpura; however, if the capillary endothelium is 
damaged by means of an anti-red cell serum, hemorrhage occurs. It must therefore 
be assumed that such a damaging "toxic” factor is also operative in “thrombotic 


purpura. 

No explanation is available for the constant presence of a very severe anemia. It 
is unlikely that the severe anemia is due to “hemorrhage into the tissues." The 
hemosiderosis of the tissues is only slight in almost all observed cases and it must 
therefore be inferred that the anemia is caused by intravascular destruction of the 
red cells. 

The etiology of the disease is unknown. There is no evidence either for or against 
the assumption that “thrombotic purpura” is caused by some unknown type of 
infection. Tiic presence of a powerful toxin could explain the hemolytic anemia, 
the capillary damage, and the change in the clotting mechanism which are present 
in this disorder. That some abnormality of the clotting mechanism is present seems 
very likely but no systematic studies have been performed until now. Bernheim' 
examined cadaver blood for platelet agglutinins but was unable to demonstrate 


such antibodies. 

Schwarczman, Klemperer and Gerber 31 produced lesions similar to those seen in 
“thrombotic purpura” experimentally in animals by inducing the Schoanzman 
phenomenon. These findings may offer some kind of explanation of this emgmatic 

disease. 


prognosis and treatment: further investigations 

Our knowledge of “thrombotic thrombocytopenic purpura a 
with a fatal outcome. Whether milder, unrecognized variations o . • 

from which recovery is possible, is unknown. One case s ow f mme di3rdy 

Splenectomy performed in nvo cere. bu, . « fa 
after the operation. =• 9 On theoretical grounds there -sea* ^ u the 

such an operation, as no inhibition of the marrow , j pp- ffl2 y be ia- 

disease is diagnosed in vivo, treatment with heparin o 

faur « ,™ ,„re mortem dia g »o» of "rtombo.ie peep-" ** * 
made, the following studies might be of interest. hem olytic type; the 

It has been pointed out that the anemia prese 
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mechanisms involved are unknown. It may be worthwhile to look for incomplete 
immune bodies attached to the red cells by means of an anti-human globulin scrum; 
this procedure has proved its value in cases of acquired hemolytic anemia. 32 Dif- 
ferential fragility tests 33 using lysolccithin and saponin as hemolytic agents may 
also be of interest. 

Liver function tests (thymol turbidity, bromsulfphthalcin) should be performed 
in order to determine the role which the liver plays in the pathogenesis of the 
icterus. It is well known that inability to remove bilirubin from the blood is one 
of the first signs of hepatic damage. 

Assays of splenic "hormone” may be of interest. Studies of the clotting mecha- 
nisms step by step are definitely indicated. Particular attention should be given to 
the newly discovered plasma factors of Owren. 31 Quantitative evaluations of the 
number and type of the megakaryocytes using the technique of Limarzi and Schlei- 
cher 12 should also prove valuable. Bactcriologic studies, particularly inoculation 
of animals, should be attempted. 


SUMMARY 

i. "Thrombotic thrombocytopenic purpura" is the name which we propose for 
a rare but well-defined disorder which manifests itself clinically as an acute febrile 
illness and which is characterized by (a) petechiac and ecchymoses, thrombocyto- 
penia, prolonged bleeding time and poor clot retraction, (b) by a severe anemia out 
of proportion to any observed blood loss, (c) by mild acholuric jaundice, hepato- 
splenomegaly, (d) by bizarre and intermittent mental and neurologic symptoms 
and signs, and (e) by a transient leukemoid reaction in the peripheral blood. 

This clinical picture must be correlated with a remarkable histologic pattern, 
namely the presence of myriads of platelet thrombi in the small arterioles and 
capillaries of almost all organs of the body. 

3- Eleven such cases have been described in the literature. One case of our own 
is added. 

• t". c ^ n i ca l features of this disease are detailed and the differential diagnosis 
ls iscussed. It is emphasized that if the physician is familiar with this syndrome 
a correct clinical diagnosis may become readily possible. 
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CHEMOTHERAPY OF MULTIPLE MYELOMA ; THE USE OF ANTIMONY 


(Preliminary Report)* 

By Michael A. Rubinstein, M.D. 

M ULTIPLE myeloma is a neoplastic, infiltrative disease of the bone marrow. 

The histological origin of the myeloma cells, whether of lymphatic, mye- 
loid or other origin, is still a matter of discussion. Nor is the position of multiple 
myeloma among other neoplastic diseases, in particular its relationship to leuke- 
mia, sufficiently clarified. It shares with the other neoplastic diseases both the mys- 
tery of its origin and the lack of any effective treatment. 

However, there is one characteristic which distinguishes myeloma from other 
neoplastic diseases, namely the peculiar abnormalities in its protein metabolism. 
The main biochemical features of multiple myeloma are the Bence-Jones pro- 
teinuria, discovered as early as 1845 only a fe%v years after the first case of multiple 
myeloma had been described, and the hyperprotcincmia found a half century later 
and finally identified as being essentially due to hyperglobulinemia. This hyperglob- 
ulinemia is the basis for many laboratory tests characteristic of multiple mye- 
loma, such as rouleaux formation, rapid sedimentation rate of red cells, formol 
gel test, etc. 1 

In addition to multiple myeloma, there are at least 3 other diseases likewise 
characterized by the presence of hyperproteinemia and hyperglobulinemia, but 
unlike multiple myeloma these diseases are of well established etiology. They are 
kala-azar, lymphogranuloma venereum, and schistosomiasis. These diseases have 
varied etiologic agents: protozoan Leishman-Donovan bodies in the first instance, 
a filtrable virus in the second, and metazoan helminthes in the third. 

Despite the wide range of etiologic agents in these diseases, they have two com- 
mon denominators: (1) the frequent occurrence of hyperglobulinemia, and (2.) the 
favorable response to the same therapeutic agent, namely to antimony com- 
pounds. 2 

The therapeutic action of antimony has not been clearly established. However, 
since its activity is largely confined to the above mentioned diseases, notwith- 
standing their various etiological agents, we may assume that its effects are linked 
ln some way with the biochemical characteristics which the 3 diseases have in 
common, that is, the hyperglobulinemia. 

ased on the assumption that antimony acts on diseases with hyperglobulinemia, 
u "as a natural step to assume that the drug might be found therapeutically effec- 
ttve in another disease with hyperglobulinemia, namely in multiple myeloma. 
e cx P cn mental treatment of multiple myeloma with antimony was begun 

From the Montcfiore Hospital, Medical Division, New York, N. Y. 

_• in- 3t Nineteenth Graduate Fortnight, New York Academy of Medicine, Montefiore Hos- 
Pual Clinic, October 16, 1946. 
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chemotherapy of multiple myeloma 
in the spring of 1943 and has been continued with some inremm»n» , u 

basis of the occurrence of hyperglobulinemia in both diseases * ’ 

tl . c \lo* g Til h r C FCpar f ti0nS USed * US been repeatedly changed during 
L A .\ f rSC Y C UScd P rc P arat| ons of tarrar emetic which, because of its 
toxicity, could be administered only in small doses; later less toxic antimony 
compounds were used and at present neostibosan is being given. A full course of 
treatment consists in the injection intravenously of 15 Gm. of the latter prepara- 
tion in divided doses of 0.3 Gm. given at suitable intervals. Special precautions, 
including frequent urine and blood examinations, are necessary in cases showing 
renal involvement. 

This paper is a preliminary report based on our experience with this method of 
treatment on 7 patients with multiple myeloma. In evaluating the influence of 
antimony on multiple myeloma it is necessary to realize the possibility of oc- 
casional spontaneous remissions in this disease, as well as of a prolonged course 
over a period of years with a relative freedom from symptoms, and the occasional 
sensitivity to radiation with amelioration of pain in some cases. 

This occurred in one of the first patients (case no. z) treated with antimony, 
who, in chc period before treatment showed a very prolonged course with fre- 
quent symptomatic remissions including spontaneous healing of pathological 
fractures. At the time treatment was instituted, multiple painful external tumors 
were present over the clavicle, ribs, and arms. The first course of antimony thio- 
glyeollamide was followed by a course of x-ray therapy, since the latter had re- 
lic veil pain on previous occasions. The visible rumor masses regressed promptly 
following this combined treatment. However, similar lesions soon appeared at 
different sites of chc skeleton, some of them only to disappear again following 
another course of x-ray therapy; the pain was also greatly relieved. 

The remarkable radiosensitivity of the tumor masses seen in this particular 
patient following a course of antimony treatment could not be attributed wit 
certainty to the drug. This case, already briefly reported,' 'will be the subject :ofa 
separate publication in which the difficulties in evaluating treatment of multiple 

myeloma will be discussed at length. , 

The results obtained in another patient (case no. 4) were mote to • * 

external masses over theantetiotand ptntetio, surface of rd» “ 

with numerous punched ou, areas in the bones. 

noticed by the patient about a pears poor .0 “ ™ relief 

increasing in size. The patient received six x-ray tr " .’ sion w thc hospital 
of pain or reduction in the size of the tumor masses ^ therapy 

in 1945, a first full course of neostibosan £reatmen ’ he comp t r j 0 n of neosti- 
applicd to the site of the tumor masses, was ; ^ werc found 

bosan injections, and before further x-ray treatment, the vmb _ ^ 

to 


inn injections, »**« - , soon after the subsequent 

be decreased in size, and they completely A J eXterna! tumor masses 


x-ra; therapy. To date, 3 months after this treatment, noe 
have reapjxxtred. 
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Examinations of the bone marrow were repeated at frequent intervals, both dur- 
ing and after the course of treatment; both sternal and iliac bone aspirations were 
studied. We are aware of the fact that numerical variations of the plasma cell 
content of bone marrow aspiration may occur on repeated examinations, even 
when simultaneously performed at different sites. It is nevertheless interesting to 




>g. i. Case 4. Flasma cells in the bone marrow after ten injections of 0.3 Gm. neostibosan. Occasional 
granules are seen in the plasma cells. 


ote that following antimony treatment the percentage of myeloma cells in the 
erential count was frequently found to be diminished, and the number of normal 
) e 01 and erythroid elements increased. Another index of the degree of myelo- 
• tous infiltration of the bone marrow would be the degree of anemia which is 
cd , s 0S -™ly due to displacement of the hematopoietic tissue by the myeloma 
e observations concerning the influence of antimony treatment on the 
emia of multiple myeloma are now being conducted. 
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Changes in the morphologic appearance of the plasma cells were more signifi- 
cant that the quantitative variation. The appearance of metachromatic, baso- 
philic granulation in the cytoplasm of myeloma cells in z of the 7 cases treated 
with antimony, constituted the most conspicuous change. These granules were 
seen in greater numbers only after repeated courses of antimony injections, and 
were usually lacking before completion of the full course of treatment. The photo- 
micrographs shown in figures 1 and z reproduce the granulated myeloma cells in a 



C " 5 COnUm " B ,) it is noteworthy that no other bone mar- 

£ S5»- “ •- " 

No definite changes avete obsetved 

cciving antimony. old woman will be a This 
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but no Bence-Jones proteinuria. The patient was given (October n, 1946 through 
October 26, 1946) a full course of neostibosan, followed by x-ray treatment. Pro- 
gressive relief of pain was seen in the course of this treatment. This patient, who 
was bedridden and unable to turn in bed, is now being fitted for a brace which will 
enable her to get out of bed; the analgesics which the patient was receiving arc 
being withdrawn. 

In general, our observations on antimony arc strikingly similar to those of Snap- 
per, using stilbamidine, a drug containing no antimony. 

Brief summaries of the case reports of the 7 patients treated with antimony 
follow: 


case no. 1 

Patient R. S. (Hospital admission no. 361573) was a 5S year old woman, first seen on August 6, 1943. 
She complained of low back pain of 1 months' duration. Physical examination revealed tenderness over 
the spinous processes of L4 and L5 and the upper sacrum. The blood count showed hemoglobin 3 1 per cent, 
ted blood cells 1,900,000 and white blood cells 6,100 per cu. mm. The differential count was normal except 
for an occasional atypical plasma cell which contained one or more nucleoli. The possibility of plasma 
cell multiple myeloma was at once suggested by the appearance of these cells. Sternal marrow aspiration 
confirmed the diagnosis of myeloma, revealing 56 per cent plasma myeloma cells. 

Other blood studies were: urea nitrogen 64 mg. per too cc., phosphorus 5 mg. per cent, calcium 10.4 
mg. per cent, total protein 7.3 Gm. per cent, globulin 4.4 Gm. percent, alkaline phosphatase 4 King- 
Armstrong units, sedimentation rate 18 mm. in 8 minutes. The urea clearance was 1 1 per cent. The blood 
serum showed an immediate positive formol gel reaction. Using the ordinary heat test at pH 5 the urine 
"as found to contain large quantities of Bence-Jones proteoses and to be consistently free of albumin. 
There were occasional hyalin and granular casts. Urinary concentration tests showed a specific gravity of 
1011 to 1.015. Roentgenographic examination of the skull showed numerous circular punched out lesions 
throughout the bones of the calvarium. There were numerous areas of bone destruction of the lower ribs, 
um ar vertebrae, and pelvis and a pathological fracture of the body of the first sacral vertebra. 

On August 10, 1943 and on the two following days the patient received intravenous injections of 10 
cc. of 1 per cent tartar emetic. The injections had to be stopped because of a shocklike reaccion following 
t e third injection. The patient stated that during the few weeks following the injections, she was able 
to move more freely and perform some housework. However, in the last week of September she suddenly 
etc oped signs of paresis of the low extremities and severe backache. She was admitted to Mount Sinai 
ospita where collapse of several lumbar vertebrae was found with evidence of spinal compression. The 
jtursc was progressively downhill and she died on October t, 1943. A postmortem examination was not 


CASE NO. 2. 

Patient A. \V. was a 17 year old boy (Hospital admission no. 105534) with a history of pain in the left 
r 3 )cars. In June 194a he sustained a pathological fracture of the left hip. The diagnosis of multiple 
cells Th* ma ^ e ° n k as ' s °f bone marrow studies which showed the presence of x8 per cent plasma 
skull A la £ n °sis was substantiated by the presence of multiple punched out areas in x-ray films of the 
prot " n an< ^ k° nes ' Urine examinations showed the presence of Bence-Jones protein. The blood 
^ s were normal, as well as blood phosphorus, calcium and phosphatase. 

P } of a lesion in the skull, localized in the x-ray, was performed on March 8, 1943. The pathologi- 
CJ liiP°rt w^s P^sma cell myeloma. * 

over thc^Y^ CrC " Cre notc< R ln addition to the bone lesions seen in the x-ray films, multiple tumor masses 
tanged fro *' ^ r '^ S ’ a ^ so on r ^ e anter <° r surface of the ribs and over the sternum. The lesions 

taneously m ^ SIZC to c ^ e s ‘ zc a Urge fist. It was noted that some of these lesions regressed spon- 

ent received intensive radiotherapy to the various affected areas. 
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The first course of x-ray treatment at Moatefiorc Hospital teas given to the lesion in the left tibia. He 
received figo R to that area given through j different portals. Subsequently, he received similar treat- 
ments to the various affected parts including the skull, right hip, right upper arm, right forehead, tight 
mastoid area, right clavicle, left clavicle, left knee, etc. Marked relief of pain mas observed, although 
x-rav studies showed definite progression of the lesions. He also received radiotherapy to the left shoulder, 
chest, lower back, lower abdomen, and right thigh, all with considerable relief of pain but with do 
change in the appearance of the lesions on x-ray. 

Treatment with antimony was started on April eg, 1944. Only two intravenous injections of 5 cc. of 
1 rxrr cent tartar emetic were given. These were discontinued because of a shockhke reaction. Antimony 
was resumed on September 15, 1944 with daily intravenous injections of an cc. of 5 per cent antimony 
thtoglvcollamidc continued through October 9, 1944- This course of treatment was followed by another 
cout've of radiotherapv. A rapid regression of a huge mass over the sternum and of the smaller tumors over 
,h- clav teles was noted after this combined treatment. However, in view of the spontaneous regression 
of some other visible tumors, previously observed in this patient, the value of the treatment was dimeric 

Ei Ml of >*44. Ibc r«ient developed signs of uremia, spinal compression with »PF»« «** 

neurvigetiicbladdepand pyelonephritis developed. The patient died in December 1945 of uremia. Antopsv 

showed multiple myeloma, with myeloma kidney. 

CASE XO. 3 

, , . , e, .-ear old male, was admitted to the hospital in 

Hat tent A. H. (Hcwp.tal 3dm '“ 10n " . 3 ^ 5 {' { ' {W0 months duration. Physical examination was 

N-oscmber ,944 or pa.n m the back and ngh g ^ ove r the right thigh. The diagnosis 

negative except for percussion tenderness _oxer the aspir3aoa w hich revealed 5 t per cent 

of multiple myeloma was made pn ,h - showed extensive destruction of the Li 

plasma myeloma cells in d.i.ercnt.al of [hc skeleton. Blool studies shoved: 

and U vertebrae and marked degree of g globulin G m. per cent, alaem 

total serum protein , M Gm. per units, hemoglobm 

w.i mg. lucent, phosphorus .4.3 mg. « ricu m m., white blood count 5,500 with a nonnal 




lymph nodes. 



X-rav st now-' 7 . 

destruction in the e.ghth an 



MICHAEL A. RUBINSTEIN 


5 6l 


of the 1 above mentioned visible masses were seen. There was also compression of the fifth lumbar ver- 
tebra. Sternal marrow aspiration showed 3S per cent plasma myeloma cells. 

On April 5, 1946 the patient was started on a course of ncostibosan treatment consisting of a daily 
intravenous injection of 0.3 Gm., until the total amount of 15 Gm. was reached. On May 17, on comple- 
tion of the first course of treatment the visible tumors had decreased in size measuring: 4.5 cm. x 4.0 cm. 
xc.5 cm. over the left posterior thorax, and 6.3 cm. x S.ocm. x 3.0 cm. in the left axilla. A course of nco- 
stibosan treatment was repeated twice again, in May and August 194?- The last treatment was followed 
by a course of radiotherapy. At the end of August 1946, following this combined ncostibosan and x-ray 
treatment both visible tumor masses had completely disappeared. At that time the patient stated that 
there was improvement of his general condition and considerable relief of pain. Urine had been negative 
for Bence-Jones protein throughout the patient's stay in the hospital. Blood urea nitrogen after treatment 
on May 17 was 10 mg. per cent. The scrum protein showed some decrease. 


TAnLE 1 . — Strum Prottni in Cnit 4 


Date 

Total Protein j 

Albumin 

Globulin 


Gm. 

Gm. 

Gm. 

May 17, 1946 

9.9 1 

3 . t 

6.8 

J ul y 

8.3 

1.3 

5.8 

A ug. 14 

10.6 

3-7 

6-9 

Oct. 13 

7 -t 

1 

1. I 

4-9 

Jan. xo, 1947. . . 

7-3 : 

1.0 

1 

1 5-3 


Bone marrow studies repeated on August 14, 1946 and October 16, 1946 showed a diminished number of 
p asma ce is (16 per cent and 13 per cent respectively). Basophilic granulation was seen in the cytoplasm 
of the plasma cells. 

In September I 9 d 6 'be patient was allowed to walk but sustained pathological fracture of the hip and 
don ' n bed with application of traction. This patient is still in the hospital under observa- 


CASE NO. 5 

atient M. \V. (Hospital admission no. 1102.82.), a 54 year old colored woman, was first seen on June 
anfi 1 ^ a hist °ry numbness in the hands for x years followed by pain in the back, elbows, knees 
SC vcra4 1S f S " ^ ^ exam ' nat ‘ on of the bones showed areas of bone destruction in both scapulae and in 
Blood eh * ,C r '^ S ’ c ' av ' c * cs > humeri and both radii. The urine test for Bence-Jones protein was positive, 
percent .^ etcrm ' nat ' ons on admission showed: total protein 7.0 Gm. per cent, albumin 5.0 Gm. 
per cu m ° U m 10 ^ Cr CCnt hemoglobin was 10 Gm. per too cc., red blood count 3,110,000 
were h^' ^ ' V ^* te b'°°d count 6, coo per cu. mm., with normal differential. Bone marrow studies 
p at . actcr *stic of multiple myeloma, showing 10 per cent plasma cells, 
course f " as .® ucn a course of neostibosan from June 24 through July 7. On August 30, 1946 another 
5 1946 th C ° Stl ° Sa " trcatrnent "’as started and was followed by a course of radiotherapy. By November 
bands and C ^ atlCnt S ^ ac ^ P a ‘ n ' vas greatly relieved, but she continued to complain of stiffness in the 

rer r,., ", riStS ” J u *y 15 -> t 947 i the total blood protein was 5.8 Gm. per cent with albumin y.x Gm. 
recent and globulin 1.6 Gm. per cent. 


The 


patient is still in the hospital. 


CASE NO. 6 


■946 fore ^ ^ os P‘ ta ' admission no. 110969), a 53 year old woman, was admitted on August xx, 
t0 "alk simT vi' ntS °! £evcre P a ' n ' n 'be lower back and right thigh of 18 months duration and inability 


Physical 


■ since November 1945. 


examination revealed gibbus of D-10 and percussion tenderness over lower thoracic spine 
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and iliac crest. X-ray studies showed numerous small radioluccnt areas throughout d» ) • 
collapse of upper cortical plate Lt, pathological fracture of Lj. ' ^ P ” ,ul 

Laboratory examinations shotted total serum protein 7.5 Gm. per cent album™ , r 
p ohuhn 3.6 Gm. per cent hemoglobin Gm. per too cc„ red blood roun 3 L” 
tsh.tc blood count 5.CCO with normal differential. Bone marrow aspiration shost'u ^ " 

ccHs typical of multiple myeloma. Urine was negative 

A first course of ncostibosan was given from September 3 ro September 10; a second course of neosti- 
1 .tan from O:tober , , through Ofcwber x6, t 94 «, followed by radiotherapy At the start o^itm” t 
( 1. pat'em was completely immobilized and unable to mate the slightest movement because of mia! 
7 ‘ S °) C , r I , 9 ' )6 ,)lC . 7 I,Cm h;ld considerable relief of pain; by December she was able to most 
about freely in bed. By mid-February 1537, opiates and demerol previously necessaty for relief of pain 
could he withdrawn. The patient is learning to walk with the aid of Taylors brace. Repeated bone mu- 
row aspiration of January 15, 1537 showed iS percent plasma cells. 

Patient is still in the hospital. 


CASE NO. 7 

Patient A. C. (Hospital admission no. 11030), a 70 year old woman, was admitted on September 6, 
0136 for pain in the neck of one year's duration, for the last months becoming so severe as tororalh-in- 
cjprutatc the patient; also pain in the right thigh. The neck was extended and atremptsatfleiinnraet 
ssuh cries of pain. 

Laboratory studies shosved: hemoglobin 35 per cent, red blood count 1,500,000, white blood count 
j.cxv, with normal differential. Total serum protein 9.x Gm. percent, albumin 4 Gm. pet cent, globulin 
y.i Gm. per cent, urea nitrogen 33 mg. per cent. 

Rone marrow studies showed 5S per cent plasma cells in the sternal aspiration and 75 per cent in iliac 
crt'i aspiration. The urine was positive for Bence-Jones proteins. Because of severe pain in the trek a 
plaster collar was applied on September 16. Ncostibosan treatment svas started at the same rime. A vtrv 
nurked relief of pain svas obtained in a few days, so that the collar was removed. The pain in the ocel- 
lus failed to recur. The pain in the back has also disappeared. The relief of the pain was so muled that 
no radiotherapy was given. 

Because of persistent anemia with a hemoglobin below 50 per cent several blood transfusions were 
given to this patient. 

Another course of ncostibosan treatment svas given from January 7, 1937 through Januars 193/ 
at svhn.lt time the patient showed difficulty in hearing which persisted for a month after the treatment 
had been stopped. On January 3.. 1937, determinations ofblood showed: total protemy: Gm. percent, 
albumin 3.1 Gm. per cent, globulin 3.5 Gm. percent, urea nitrogen 11 percent. 


SUMMARY 

This is a preliminary report on the treatment of 7 patients with 
Ionia with antimony compounds. The therapeutic trial was ase on • 

multiple myeloma is frequently associated with hyp=rgjt ’ " 
tic shared with other diseases in which antimony had b 

The results obtained thus far are insufficient to ioflueoa 

they indicate a possible influence of antimony on mye ^ subsequent }y 

is seen mainly as an increased radtosenstttvtty v>he p< 
treated with x-rays. 
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THE INFLUENCE OF NITROGEN MUSTARD ON M YC0 SK 

fungoides 

0, 5B ,v in „« IWnco I« E mn I0 IHE K m ,^Bs m n, cu . 

System 


AL 


Sj Henev H . Henstelt., M.D, Jerome N. Tober, M.D., , ND A. 

Newjiak, M.D. 

'T'HIS report deals with the therapeutic effect of nitrogen mustard on 6 patients 
- ruth mycosis fungoides. The nitrogen mustards, i.c., the B-chloLhvb 
attunes of which the methyl-his form is being studied clinically, has been shown 
to be effective in the control of certain q-pes of malignancies. 1 -* The effects of this 
group of chemicals, which appear to be on the nuclear structure of the cell, re- 
semble most closely the action of short wave radiation rather than that of any 
known chemical reaction. 1 - « The cellular susceptibility to nitrogen mustard h 
related to the proliferative activity of the tissue. Thus malignant tissue is more 
susceptible to its action than is normal tissue,' while in the normal, the boot 
marrow elements, the lymph nodes, and probably the liver reflect the cvtotoric 
action of the mustards. This action may resulrin lymphopenia, granulocvtopenia, 
thrombocytopenia and moderate anemia as well as nausea and vomiting. 

Preliminary clinical experience with the methyl-bis-nitrogtn mustard also 
indicates that a specific effect is exerted upon lymphatic tissues and upon malig- 
nancies of lymphatic origin. Nitrogen mustard has been found to be most effec- 
tive in the treatment of Hodgkin’s disease and lymphosarcoma, and less satis- 
factory in the treatment of the leukemias. Preliminary trials of the chemical in 
certain other neoplasms, viz., melanosarcoma, metastatic mammarrand cervical car- 
cinoma, multiple myeloma and sympathicoblastoma, have not been encouraging. - 
However, sufficiently favorable results have been obtained in carcinoma of the 
lung and in polycythemia vera to warrant further trial. 

The release of this chemical for further clinical investigation under the auspices 
of the National Research Council has stimulated much interest in its effects upon 
malignancies, particularly of the lymphatic tissues. It was natural, rherTo--., tin- 
nitrogen mustard was tried in mycosis fungoides because of its relations ip to 
diseases of the lymph nodes. 5 While the origin of the disease has b.m m up-t- 
for nearly a century, the opinion most generally held is that it is a n.op asm Do- 
nating in the rericulo-endothelium of the skin/- 5 classified, there ore, ~s 2 - 

of the related diseases now grouped as lymphoblastomas. 5 grojp , * - 

mycosis fungoides, Hodgkin’s disease, lymphatic leukemia and the wn - 

of lymphosarcoma. . f m f- v 

Mycosis fungoides was first described, under ihe name o f - 6 ' 

Alike, in ,&* La.er .he name was changed .0 ^ 

development of mushroom-like rumors. Two types o 

From the Hematology and Dermatology Clinics, Cedars ofLcbicm Hospital, to -w~ - 
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scribed. The first type, the most common, begins with superficial inflammatory 
eruptions known as premycotic lesions, anti resemble eczema, psoriasis, para- 
psoriasis, or dermatitis exfoliativa. These premycotic lesions may be indistinguish- 
able from, the chronic dermatoses unless the infiltrates characteristic of the later 
stages of the disease are present. Intense itching is generally a prominent feature. 
These lesions may be persistent or recurrent. After variable and generally long 
periods of time, characteristic infiltrations of neoplastic cells appear in the lesions. 
This stage of infiltration is then followed, after months or years, by the formation 
of fungoid tumors. The second type, the so-called "Tumcurs d'cmblec,'' is char- 
acterized by tumor development not preceded by the premycotic or infiltrative 
stages. 

Heretofore, x-radiation of the lesions, either during the premycotic, infiltrative 
or tumor stage, has been the only therapeutic measure of proven benefit. Generally 
it induces involution of the lesions and relief from the intense pruritis. Sooner or 
later, however, the eruption becomes radio-resistant. The lesions then spread and 
may ulcerate; and the lymph nodes may become greatly enlarged. The pruritis 
becomes more intense. Death finally results from inanition or from intcrcurrent 
infections. 


CASE REPORTS 


Can i. Mrs. R. G., a 67 year old white female, was first seen in the clinic in August 1945, complaining 
ofapruritic skin eruption of to years duration. This first appeared on her back and then spread to involve 
t e entire body. The itching was characterized by remissions and exacerbations. Gradually, the skin 
ecame thickened and brawny. For several years prior to 1945 she received repeated courses of superficial 
x ray therapy, with some temporary improvement each time. When first seen at this hospital, physical 
examination revealed that the skin of the body was markedly thickened, with numerous nodules and 
small areas of ulceration. There was no enlargement of spleen or lymph nodes. Skin biopsy revealed my- 
cosis fungoides. The blood count was normal. During the next three months she was given filtered x- 
12 mion in divided doses of 300R and 800R over the trunk with little improvement. Duringthe following 
Kar^she received sodium thiosulphate intravenously and diphtheria toxoid intramuscularly without 

On October 31, 1946 she was admitted to the hospital for nitrogen mustard therapy. Physical examina- 
on at this time revealed an extensive papular, eczematoid eruption involving the entire body except 
ea , the palms and soles. The skin was thickened, dull red in color and covered. with superficial 
ankle 3110115 I ^’ ^ere ' vc re a few discrete nodes in the cervical and inguinal regions. The 


■j-, ,. 0ra '^O cxar »inatim. The urine, Kline test, blood N.P.N. and uric acid determinations were normal. 
ccnt °° count was R.b.c. 4.3 M., Hgb. 8z per cent (13.0 Gm.), W.b.c. 8,zoo with polymorphs 67 per 
3 oGrn° Sln0 ^'^ S ^ CCnt ’ 1 y m P hoc F tes 11 P tr ccnc an d monocytes 9 per cent. The serum albumin was 
utcsfl ' ccnt ’ ani * £ ^ e serum globulin was 3.5 Gm. per cent. Sedimentation rate was 11 mm. inzi min- 
slieh ' nmelcr A The electrocardiogram was wirhin normal limits. Sternal marrow puncture showed a 
Ported Z '7 ^ t «« e mature eos ' no phtls and che eosinophilic myelocytes. A biopsy of the skin was re- 

3ri( j ° °" s - Scctkm of the skin reveals a moderate acanthosis. The epithelium in places is atrophic 

the corhj CaS1 °j a ' Sma " u ' cer £s seen - There is slight parakeratosis of the surface. The superficial portion of 
Many 0 f a ° P a P'^ ac shows striking infiltration by cells which vary considerably in size and shape, 
seen hrvr 7 CC " S P' asma cc " s - There are also a number of lymphocytes. In addition, there can be 


were slightly edematous. 


ca pillaF m0n ° nuc ^ ar ce ii s with abundant cytoplasm and large vesicular nuclei. There are many- dilated 
Treaimt "** P rorn ‘ ncnt endothelial cells. Diagnosis: Mycosis fungoides” ([figure z). 
f or a total oT C ° Unt ' November 11, iz and 13, 1946 the patient was given 5 mg. of nitrogen mustard 
£ 5 Tig. Under treatment the white count dropped from 5400 with P. 79 per cent and L. 17 




Fig. i. Case i (R. G.) Extensive Eczamatoid Lesions Prior to Treatment 
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per cent on November n, to 3,600 with P. 76 percent and L. 13 per cent on November 19, 1946, a decrease 
in the lymphocytes from 91S to 504 percii. mm. There was the usual toxic reaction with nausea and vomit- 
ing several hours after each injection. There was prompt response to therapy. Four days after the beginning 
of treatment, there was a definite involution of the eruption and marked reduction of pruritis. One week 
later the skin of the entire body was clear, except far some large inflammatory cczcmntoid patches ex- 
tending across the right scapula and right breast (figure 3). At this time small groups of minute vesicles 
were noticed interspersed among the eczematous and infiltrated patches. The patient's only complaints 
were itching and pain (radicular in character) confined to these areas. X-ray examination of the spine 
on November 17, 1946 showed a compression of the fourth dorsal vertebra. A second biopsy of the skin 
was taken, immediately adjacent to the area of the first biopsy, on the ninth day after treatment was 
started. The pathological report is as follosvs: "The section shows epithelium of average thickness with 
slight keratinization. There arc a moderate number of dilated capillaries in the superficial corium and 



Fl °- 3 - Case i (R. G .) 10 Days after Onset of Treatment Showing Complete 
Clearing op the Mycosis Fungoides Lesions and the Persisting 
Vesicular Eruption 


mononucl^ nUm ^ Cr °^P'f> mente d chromatophores are seen. There are a small number of lymphocytes and 
n: C M ^, cc ^ s located perivascularly. The intense infiltrate of the earlier sections is gone (figure 4). 

6 °sis: Chronic dermatitis, slight." 

s ymptonf Th m ° ntFs December 1946 and January and February 1947, the patient remained free of 
recurred B F [ a< ^ CU * ar ras ^ su fisided considerably. However, in mid-February 1947, itching of the skin 
bft chest 'v C Uraf ^ L ^’ i 947> about a dozen noninflammatory papules appeared on the forearm and 
nitrogen ' n ICa !' n ® a recurren ce of the original disease. On April 2., 3 and 4, 1947, a second course of 
kjjun to ™ UStar " as S‘ vcn consisting of 6 mg. doses, for a total of 18 mg. By April 7, the new lesions had 
l, r erupti an ^ ^P r ‘* M> the skin had again become clear except for the previously noted radicu- 

6,000) to M ' tF ’ S course °f therapy, the lymphocyte count dropped from 1,560 (l 6 per cent of 

returned to^° ^ ^ CCnt 3 ,000 )> 8 days after the onset of the treatment. By April 2.4, the count had 
radicular 1 n ° rma ' ^ asc sc en on May 2.8 the patient was free of all lesions except for the ever present 
ion on the right breast and chest. The itching had completely disappeared. 
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Comment. This patient suffered extensive lesions of the body for n years. Th: 
lesions reacted to x-radiation at first but in recent years have been radio-resistant. 
Two courses of treatment with nitrogen mustard, totaling 35 mg., caused a disap- 
pearance of the infiltration of the skin and the pruritis. The skin now appeared 
normal except for a radicular herpetic lesion over the right mid-back and breast 
which is associated with x-ray evidence of a destructive lesion of the fourth dorsal 
vertebra. The patient remained clinically well for 3 months, following the first 
course and for 1 months following the second course to date of report. 


- ' -''iry 










the past year many sitnriar parche scared ^ ^ jpl *ared m - *»” .. r. 

come thick and leathery. Concomitantly, sew ^ rcporte d ~ 


idintiK" 


' On January 7 - '947 he was 
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examination he presented a generalized eruption consisting of about a dozen coin to palm sized patches 
located on the upper back, the legs, the back of the hands and forearms. These patches were pink in color, 
scaly, fairly well marginated and moderately thick and infiltrated. Pruritis was evidenced by superficial 
excoriations of all the lesions. There were several enlarged, firm, nontender and freely moveable lymph 
nodes in the axillae, posterior cervical and inguinal regions. These measured 1 to 3 cm. in diameter. The 
remainder of the physical examination was normal. 

Laboratory examination. The blood count showed R.b.c. 5.0 M., Hgb. 95 per cent, W.b.c. 5,100 with P. 
65 percent, E. i per cent, L. 18 percent and M. 15 percent. The blood platelets were 135,170 per cu. mm. 
The Kline test was negative. The urine and the blood sedimentation rate were normal. Blood N.P.N. 
3img. per cent, serum albumin 4.7 Gm. per cent, scrum globulin 4.0 Gm. per cent. X-rayexammation of 
the chest was normal. 

Therapy and course. The patient was given 4 doses of nitrogen mustard of 6 mg. each intravenously on 
January n, 13, 15 and 18, 1947. By January 10 there was a marked decrease in the itching, and a notice- 
able involution of the lesions. The skin became much softer. There was no significant change in the blood 
counts. The patient was discharged Irom the hospital on January iS, 1947 with only a faint erythema re- 
maining at the sites of some of the lesions, and considerable shrinking of the enlarged lymph nodes. 
A repeat skin biopsy on January 11, 1947 showed some of the cells characteristic of mycosis fungoidcs 
but a marked decrease in the amount of cellular infiltration. Throughout the course of treatment, the 
blood counts remained unchanged. To date, 5 months after onset of treatment, he has remained well. 

Comment. This patient has had mycosis fungoidcs for 8 years which was radio- 
resistant. The skin biopsy was unusual in that extensive infiltration of reticulum 
cells was found with but little pleomorphism. Twenty-four mg. of nitrogen mus- 
tard resulted in a clinical remission for the period of 5 months of observation. 


Cast 3. Mr. F. S., age 61, was admitted to the hospital on January 13, 1947 complaining of an cczerna- 
toi pruritic eruption of twelve years duration. The eruption first appeared on the hands and wrists later 
sprea mg to the legs and thighs. For the past 6 years the eruption has been generalized and intensely 
pruritic. Since the onset of his illness the patient has received a number of courses of superficial x-ray 
11 latlon - During the past 3 years x-radiation has produced only partial temporary remissions. For the 
past 6 months the lesions have been totally radio-resistant. Three months prior to admission to the hos- 
P‘ta , a lagnosis of mycosis fungoidcs was made from a biopsy of the skin. In addition, during the past 
3 icars t c patient has become progressively more dyspneic on exertion. In the week prior to admission 
I* developed a productive cough. P 

pi tchf-' lxam,na, ‘on. The face, trunk, and all extremities were covered with scattered pink to red 
moist a r j n ^ ln ® In s ‘ ze ^ rom a silver dollar to saucer-like plaques. Some of the patches were scaly, some 
lesion^ Th COrmat01 ^’ " CrC in ^ tratc d- The skin of both legs was completely covered with these 

palpable Th' 'f ^ • bt tenopathy in the cervical regions but not elsewhere. Liver and spleen were not 
onancc d' S ^°" c ^ 6 ra< ^ e I arteriosclerosis; the chest was emphysematous with increased res- 

considcrabl 015 C ^ rCat ^ soun d a nd numerous coarse rales. The heart was normal in size, but there was 
and nontend 3n ' C ' e e ^ Cma ' kl°°d pressure was normal. The prostate was enlarged, but firm, smooth 


Gm)andThew 7 “- ^" bx ' var ' e< ^ beeween 6,170,000 and 5,950,000, Hgb. 114 per cent (19 3 
don rate ■ c -» 7 > 4 °°withP. 76 per cent, E. 3 percent, L. 11 percent, M. toper cent. The sedimenta- 

blood N P N 11 mm m ^ minutes (Linzenmeier). Urinalysis and sputum studies were normal. The 
bumin was ' "p S ^ T cr cent; the blood Wassermann and Kline tests were negative; the serum al- 

CT 'ase in bron h ^ ^ Cent an< ^ t ^ lc serum globulin was 4.0 Gm. per cent. X-ray of chest revealed an in- 
nhronicbr 7 °' cslcu ^ ar markings and some adhesions in both costophrenic angles, suggestive of a 
myocardial^ U ' S ' * leart " as normal in size and configuration. EKG showed left axis deviation and 
rorium showed ^ a ' rmcnc ’ ®‘°P S >’ of the skin showed a moderate amount of acanthosis. The underlying 
ably lympho ' cattcrt d small groups of poorly defined cells, a moderate number of round cells, prob- 
Tierapy and^' occas ' ona ' * ar g c mononuclear cells, probably histocytes. 

“nits dail f nUnc ' ® ccausc of his chronic bronchitis, the patient was given penicillin aerosol, 75,000 
n > 0 -ysipLms JanUar> ' 19 thr ° Ugh FetrUary 7 ’ 1947, with considerable improvement of his pul- 
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cdhn reaction and was associated with an eosinophilia of 4 -ij p - r cent' Sl7!h ^ *' * 
therapy, the blood counts remained unchanged, but in the following z 'Zks th-m Z7r T"' 
drop in the leukocyte count to a level of 3^ with P. 6, per cent and L. to fvreet PW? 

B) February 15 it was evident that the remaining lesions were not involuting. He was ,h-u nt~, a 
«cond course of nitrogen mustard of 6 mg. each on February 14, eg, zS and Match a. Tbit na't M) ,*,‘ c ! 
by a considerable reduction in the number and sine of the remaining lesions with a corresponding red *! 
tton in the itching. On March 18 however, a slight recurrence was evidenced by the appearance of a few 
superficial pmk spots. On March a 5 , 1947 he was readmitted for further treatment. His general condition 
was poor due primarily to an increase in his pulmonaty and cardiac svmptoms. He was mirkedlvJi,~ 
neic and cyanotic and showed signs of right heart failure. He was digitalized with some improvement. 
Further nitrogen mustard was withheld. Instead he received spray x-radiation, 3 times weekly (foe 3 
sveeks), 30R units on each side of his body, and urethane, 0.3 Gm., 3 times a day. After the third x-radia- 
tion he began to improve even though he had been radio-resistant previously. Itching was much rcheicJ 
although still present. His cardiac status remained poor with dyspnea, cyanosis and orthopnea and he 
died on March 15, 1947 in congestive heart failure. No autopsy was obtained. 

Comment. This patient had extensive premycotic lesions of the skin for 11 years 
which responded partially to x-radiation. For 6 months there was complete radio- 
resistance. Two courses of nitrogen mustard of 24 mg. each, totaling 4S mg. induced 
a rapid involution in the lesions and pruritis. Improvement was first noted on the 
fourth day of treatment. One and one-half months after the onset of treatment, 
relapse was noted. X-radiation, plus urethane, in spite of previous radio-resistance, 
was effective in controlling the disease. He was clear of lesions and relatively 
asymptomatic until the day of death 3 f months after the onset of therapy . 

Case 4. Mrs. A. C., age 58, was admitted to the hospital on December 13, 1936. She had been ueJ.-r 
observation and treatment for mycosis fuagoidcs at several clinics for many years. Her present illeew 
began 30 years ago with an itching rash on the upper back. Similar patches appeared over the mure 
body during the next few years. The lesions resembled psoriasis, but 6 years ago a dugno.is of ntjco-ii 
fungoides was established. Since then she had received x-radiation at various intervals with r»«»l 
missions. For the past year her disease had been radio-resistant. Upon physical examination 5 « 
a universal eruption of coin to saucer-sized plaques, which were dull red, infiltrate an- toy.. 
moderately thick adherent scales. Many lesions were weeping (figure 5). The heart was shg t y tn mgr. 
to the lefc, with a grade III blowing systolic murmur at the apex. 

Laboratory examination. The R.b.c. was 4,300,000, Hgb. 79 cc " c ' ' . ar j , 0 .aiV.> >! 

E. 14 per cent, L. zo per cent, B. z per cent and M. 7 per cent. Urinalysis, blood Kl.m t. , • - ^ 
proteins were normal. A biopsy of the skin, showed the typical histological ptccu.. . - > - 


slv on Durr ft? 
P. Dr 


with a dense polymorphous infiltrate and scattered histiocytes. ,, 03 C 

Therapy ah coarse. The patient received 3 injections of mtrogen , 

Z4, xfi and z 7 , 1946 for a total of rS mg. The blood count and d toa 
clmber 30, there was a marked decrease in the },r.^ t. a 

the color was now pink rather than a deep red but t - P*"" 1 t h: number of celltc.-np..- 

repear biopsy, taken from the same lesion, ,ho^a eoos^ to. « . ^ ^ I?( , 

ing the infiltrate. A second course of therapy was .gun 3 " ~ On January u. 

she received 4 injections of nitrogen mustard ~ourfy, ^ * ‘^d ifiL tda! coeer. By re- 
count was 3 ,oco and on January zS, it had dropped to aiffertentfa!. Th.-R.b c.. Hz? »?- t j: ;‘ 

5, the white blood cell count had returned roy.Soo with " a further deerrxw r. 

let counts were unaffected. Following the second co “ s ~ te disappearance ef the ett -. 

intensity of the erythema and infiltration in the patches and a compU- 
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(figure 6). The pruritis still persisted, but was much less intense. A third skin biopsy on January jo, 1947, 
from the same patch, was reported as "mycosis funqoidcs with further decrease in cellular infiltration of 
the cutis. 'Six weeks later, itching became more intense. Some of the lesions on the arms and legs became 
more infiltrated and nodular. Superficial ulcerations involved some of the nodules on the left foot. The 
latter ulcerations progressed, coalescing to form a palm-sired area of painful ulceration on the instep of 
the left foot. On March 17, iS and 10 a third course of nitrogen mustard was given with simultaneous 




Fig. 6 

Extensive Infiltrated Eczematoid Lesions Prior 


Fig - 6- Case 4 (A C 'I A T0 Treatment 

1 1.' '' Appe arance Following Second Course or Nitrogen Mustard 

erapy, One Month after the Onset or Treatment 


°f P J in. ' tBe cour * °f 3 weeks there was rapid healing of the ulcer with disappearanci 

B >' April 10, however th ■ 

Sen mustard consisting f c Was Some recur rence of a generalized pruritis and a fourth course of nitro- 
^ an d infiltration aeain ' mg ' doses was given on April n, 12., 15 and 16 for a total of 14 mg. The pruri- 
T * lc ^-b-c. droppjj t0 x ^ IrE P rove d. Following this, however, all elements of the blood were depressed 

ccnt , M. 8 par cent an?''| 00 ’| HS ^ 54 PCr Cent ’ W -b,c. x 5 ° with P - 4 1 P er cent ’ E - 6 P :r cent ’ E - 44 
P° SIIlv e. A purpuric eruption 4 °.’ 000 ' Tile bleeding time was 4! minutes. The tourniquet test wa< 

" as man 'fcst. No secondary infection set in, but she was given penicillin, 



■ xrnocm mtotard AND MYCOSIS FUNGOTDK 

E. 6 pw cent, L. 3 z pert* A £ ?•"*? °| *» ** P » fU 

Comment. This patient suffered from mycosis funroidcs for to r 
her lesions had been radio-resistant. Four courses totaling Sj mg of nitrogen m- 
tard were given over a period of 3^ months. Bach course of tteaLm wS^i 
by a marked regression of the lesions. This, in turn, was followed in several Us 
b> a partial relapse. Six weeks after the second course a recurrence of the lesions 
was accompanied by painful ulceration of the foot. A third course of nitrogen 
mustard of 24 mg., together with x-radiation of the foot, produced healing of 'the 
ulcer With relief of pain. The fourth course of nitrogen mustard of 14 mg., together 
with x-radiauon to the foot, produced healing of the ulcer with relief of pin. 
The fourth course of nitrogen mustard of 14 mg. was followed by a temporary 
pancytopenia. Five months after the onset of therapy, the patient has considerable 
symptomatic relief and about 50% clearing of her mycosis fungoidcs lesions. In 
this instance the combined use of nitrogen mustard and x-radiation of ulcers on 
her foot seemed to give reasonably good results. 

Cast;. Mr. K. S., age 50, first noted an itching rash on his right leg cl years ago. This soon spread tohn 
right hip. He was given sulfa drugs and penicillin without effect. Later, a biopsy established the Ji ag.v 1 s 
of mycosis fungoidcs. X-radiation was then given with almost complete remission for 6-7 weelcs, until 
about October 1945. These recurrenr lesions were acute and fulminant in character, conirenrir; as 
vesicles and bullae that rapidly became infiltrated. The infiltrated lesions then assumed a nodular and ul- 
cerated character. Since October 1945 he received large amounts of x-radiation with little effect. He ah-> 
received 3tscnic without benefit. 

On January iS, 1947 he was admicccd to the hospital for study and treatment. Physical tiamirati 'n 
was normal, except for the extensive lesions of the skin. X-ray showed the chest was noenul. Tr.e tr.-rc 
and extremities were covered with numerous annular, serpiginous, infiltrated lesions which had a leni- 
ency to clear in the center and spread peripherally. Some involved fairly large plaques of skin, with ' -■ 
central clearing, and with tendencies toward coalescence. On the left hand, in the upper right 7'-- - a - 
on the feet, extensive sloughing of the skia had taken place leaving large areas of denudations and deeper 
ulcers. In therighr groin the area of denudation measured about 11 bvfiinches. The right footwaso'-v 
plerely denuded over the anterior f of the foot and toes leaving an intensely red and piinfu! “ r 
secondarily infected. A somewhat smaller area of the left foot was similarly invalid. Th-r- 1 •' T " - 

intensely pruritic. .... _ 

Laboratory examination. Urinalysis was normal. R.b.c. 4,0-0, oco, £ ■ 11 - * ' . 1 ~ 1 

P. 66 per cent, L. zo percent, M. xz percent, E. a per rent and B. 1 F«« n '-' n f ^ ™ ^ 

the platelets present in normal amounts. Biopsy of a skin lesion confirmed the " ' ' 

fungoides, but showed few specific changes. 1 , - ?i c? 

Treatment am! course. The patient was given a concentrated course of mirage. 

7 mg. per dose on Januarv iS, t 9 . ax, a4, a 5 and z 7 , a coral of 4a mg By , 

svas marked decrease in the number and size of the lesions and m the mtemi. ^ ^ 

cytes dropped from 1 .540 at the onset of treatment to 46a. Upon completion of ih. co- 
extensive lesions had : 
nular lesions about 1 
The right foot, which <va 

New areas of skin began to appear ana tnc Vahtco or so tiny rev.- Iwx 

later, however, reactivation 1 

crease in exudation over the p „ . . . . - 

and all lesions were oozing considerably. He v*as g lv - n 



of the disease was evidenced by a dozen or ” "j tl 7 fair! ■ b*“ 
pre-existing ones. By 0 f rirrnpm « 
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February 13 with the thought of trying weekly "suppressive" doses. By February if, the progression of 
the lesions demanded a full course of treatment. On February if, 17 and iS and March 1, 3 and 4 lie re- 
ceived a second course of S mg. doses for a total of 4S mg. The lymphocyte count dropped from 1,800 
(30 per cent of 6,000) to 115 (1 1 per cent of 1,050 on March 5) which forced the abandonment of heavier 
therapy. By March 1, the lesions began to regress. There was steady improvement and by March 10 
about half the lesions had disappeared and the remainder had regressed to at least one-half their original 
size. The denuded area of the right foot remained but was covered with patches of new skin. He was able 
to walk without pain in his foot for the first time since the onset of this ulceration. This improvement 
was short-lived. In a few days the ominous signs of recurrence, namely an increase in oozing, appeared. 
He continued to regress rapidly and was readmitted to the hospital on April 10, 1947 for further treat- 
ment. At this time the entire body was covered with circinate, crusted lesions, and the epithelium of both 
feet and hands was extensively denuded. His admission blood count showed R.b.c. 3,360,000, Hgb. 58 
per cent, W.b.c. 5,000, P. 6S per cent, E. 1 per cent, B. 0.5 per cent, L. 17.5 per cent, and M. 11 per cent. 
The platelets were present in average numbers. He was given a third course of 6 doses of 7 mg. each of 
nitrogen mustard on April ii, 11, 15, 16, 19 and it. To this was added colchicine gr. 1/100 3 times a day 
in an attempt to augment the effect of nitrogen mustard on the nuclear disintegration. The colchicine was 
discontinued after one week due to severe nausea, vomiting and diarrhea. On April 19, total body radia- 
tion, 30 R to each side, was begun 1 times weekly. By May 1, the skin lesions showed a tendency to heal, 
but by May 10 they began to recur. On May 16 the white count dropped to foo with P. 58 per cent, E. 
4 per cent, L. 18 per cent, and M. 10 per cent. The platelet count was ifo.ooo. X-ray treatment at this 
time was discontinued. He began to show a septic temperature curve. Penicillin, 800,000 units daily, was 
gnen. Blood cultures prior to the administration of the penicillin showed no growth. Ulceration ol the 
skin lesions extended rapidly. His general condition deteriorated and on May 11 signs of broncho- 
pneumonia appeared. His W.b.c. on May 18 was i,6co with P. 54 per cent, E. 3 per cent, L. 31 per cent 
and M. to per cent. On May 30, he appeared moribund with a temperature of 104 degrees and very ex- 
tensive skin involvement with ulceration. Death occurred on June 4. 


Comment . This 50 year old male gave a history of mycosis fungoides of only 
years duration, with early radio-insensitivity. His skin lesions were unusual in 
t at they started as bullae and vesicles and rapidly reached the tumor stage with 
extensive ulceration. One hundred and thirty-two mg. of nitrogen mustard were 
given m 3 courses over a period of 3 months. The last course was combined with 
oc tcine and x-radiation. Each course was followed by a partial remission of 
c 'sease, but each remission was lesser in degree and duration than the previous 
‘ lna 7 ’ disease process outran the effectiveness of the treatment. In this 
3SC £ e n ^ tr °gen mustard must be considered a failure. 


Cast 6. Mr C A . 

>946 bcca a 8 e 5 4 ■ was admitted to the Los Angeles County General Hospital October 11, 

His prcsenGll 0 ^ ^ 8 cnera E 2 ed aching eruption and painful ulcers on the lower abdomen and genitals, 
ucmitics Si' ^ C ® an ^ teen mon ths earlier with an itching rash on the back, spreading to the ex- 
mnnu, 1 ' X mont ^ s * ater a similar eruption appeared on the lower abdomen, pubis and genitals. Two 

PbtilalV S “ ita l ' esi0ns unrated. 

thematous Upon examination, he presented a generalized eruption consisting of large ery- 

tous and thos^ ” ^ a T ues - ^ ome °f the patches were elevated and infiltrated, others were eczema- 

ure -A ,1, ° SC °' Cr su P ra P u bic areas and scrotum were covered with multiple ulcerated nodules (fig- 

Laborai rCmaln ^ cr °f the examination was normal, 
percent ■^^* am ‘ nat ‘ on - The hemogram showed: R.b.c. 3,940,000, Hgb. 13.4 Gm., W.b.c. 6,400, P. 62. 
(young) j pjf ^ CCnt ’ cent > E. 1 per cent, B. 2. per cent, promyelocytes 1 per cent, unclassified 

of mycosis f CCn j' an< ^ P* atc ' cts ’ norma l- Biopsy from a nodule on the abdomen was reported as typical 
and Frei tests"!"-'- ^ an< ^. Was characterized chiefly by an infiltration of lymphocytes. The Wassermann 


Th 


1 were negative. 


diation to the t ^ le ^ rst wee k of November 1946, he received a total of 22.5R units of x-ra- 

czematoid weeping plaques on the neck, and to the suprapubic area. No change was noted 
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NITROGEN MUSTARD AND MYCOSIS TUNGOIDES 


during the following 3 weeks. On December n, 13 and 15, he received q.5 mg. nitrogen mustard, in- 
travenously for a total of 13.5 mg. Daily blood counts showed no appreciable change. 611 Dcscmhcr if. 
the day after the last injection, he developed an acute inflammatory dermatitis of the right check in ard 
around some small infiltrated nodules. This was thought to be a cellulitis although there was no dela- 
tion of temperature, white count, or acute adenitis. Penicillin, 310,000 units daily, was administered hr 
6 days. Ten days following the last injection of nitrogen mustard, all the ulcers were completely healed, 
the raised infiltrated plaques were flattened and dull brown in color, many of the flat eczematous patches 
had completely disappeared and the patient was greatly relieved of his prutitis (figure S). However, the 
cellulitis-like eruption of the cheek was still present but not as acutely. 

By January 10, the acute dermatitis of the cheek had subsided. Hosvcvcr, the infiltrated plaques on the 
right elbow and forearm had become nodular and eczematous, and several new ulcers bad appeared in the 
scrotum and in the groin. Three more intravenous injections of nitrogen mustard, 6 mg. each, were id- 



F,G J C (C A 'l Mycosis Fungoides Modules akd Uutm 

p . s Jti ^ “ *"— ■ * T " 

Fig. 8. Case 6 fu. a.; Therapy 


riscered on January rr, :l . and _xj. 


■ 

;X t 1 months. Darmzth.it 


iris of the right cheek', mn> a » ^ comp!ctcly healed, and the « 

; discontinued. One week ater • remained improved for the n; 

:s and new ulcers had appeared. H ■ J gf _ (o6 mg .) 3 times a das ‘ ~ f 
ultaneously, he was also “> “ m ight be an additional effect ort -• the 

M.) j rimes a day, on the rheot) that thCrC g thc u l cc rs were again eo-, - - ■ ^ 

; week after the course of nitrogen^ 0 „ the 

;er nodules had 

e improvement persisted for only 3 weeks. 
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Comment. This patient presented a rapidly progressive mycosis fungoidcs of 15 
months duration, with multiple, large, eczematous, infiltrated patches and plaques, 
infiltrated nodules, and multiple ulcerated nodules on the lower abdomen, pubis 
and scrotum. He was given 3 courses of nitrogen mustard totaling 55.5 mg. The 
immediate response to the nitrogen mustard was excellent, but each course was 
followed shortly by a recurrence. A fixed drug eruption resembling cellulitis fol- 
lowed the first % courses of the drug, but not the third. Two courses of x-radiation 
were also given without effect. Colchicine was given along with the third course, 
but did not seem to be of value. The inability to arrest the disease process for more 
than a few weeks at a time stamps this case as a therapeutic failure. 



Case 


1 

2 

3 

4 

5 

6 


(R. G.) 

(R. H.) 

(F. S.) 

(A. C.) 

(K. S.) 

(C. A.) 

Age 

67 


62 

5S 

1 

SO 

54 

Duration o! dis- 


ease (yrs.) . 
Radio-insensi- 

10 

8 

12 

30 

2! 


live 

Several 

Several 

Several 

1 

H 

U 

Lesions 

Eczema toid 

Eczematoid 

Exzematoid 

Exzcmatoid 

Tumors, ulcers . 

Tumors, ulcers 

Riopsy findings 

nodular 

infiltrative 

infiltrative 

infiltrative j 



Large no. R-E 

“massive” 

Moderate 

Dense 

Minor changes j 

Abundant 


cells 

R-E cells 

R-E cells 

1 


polymorph. 

N-Mustard dos- 






infiltrate 

age (mg.) . . . 

3 x 5 

4x6 

4x6 

3x6 

6x7 

3 x 4.5 


3x6 


4x6 

4x6 

6x8 

3x6 





3x6 

6 x 7 

4x6 





+ x-ray 

+ x-ray 


Total (mg.).. . . 




4x6 



33 

24 

48 

84 

132 

55.5 

Months observ.. 

6 

5 

3’ 

5 

4 

32 

Results 

Good 

Good 

Good 

Fair 

Death 

Poor 


DISCUSSION 


In each of the 6 cases studied, the mycotic lesions, irrespective of type or the 
sta ge of the disease, showed a marked immediate response to nitrogen mustard 
therapy. In each instance, the disease was radio-resistant. In 4 (cases 1, a, 3, 4), the 
•sease was of long duration (between 8 and 30 years), and had responded to x-radi- 
ation over an appreciable period of time. The radio-resistant phase of the disease 
a existed, at the time of study, for several years. In 2. instances (cases 5 and 6) 
t e disease process was of short duration (2.5 years and 15 months respectively), 
^ere the disease was exceptionally acute, and radio-resistance existed almost from 
e onset. Hence, the response of the tumor cells to nitrogen mustard seems to 
, Car no relationship to their resistance to x-radiation or the duration of the 
'sease. In this the reaction of the lesions of mycosis fungoides parallel those of 
modgkin’s disease. 

The degree of response varied from case to case. By a strange twist of fate, the 
j^ CS ') crc seen (and numbered) in almost the exact order of their response to the 
8- foee table above.) Cases 1, 2., 3 may be said to have had an excellent response. 
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NITROGEN MUSTARD and mycosis 


fungoides 


££ stteiasr - * - 


weeks, and the duration of 
died as a direct consequence „ 
steadily to the same end, his disease 


Ca* 5 died as a direct cons^nZ dT^' 


e; while case 6 is progressing 

rr.c.-ad. These a 

"nZ 2 2 ’ l ^ th ' r ’ pM ^ ° f tlK di »“. “ J 'I" M* 

The first 4 cases which showed good clinical responses, were of a similar nature. 

. r leslons were characterized by a prolonged premycotic stage (eczema, psori- 
asis, parapsoriasis) and infiltrations and nodule formation. There was little tend- 
ency toward breakdown into ulcerations or denudations. In contrast, cases 5 and 
6 showed a distinctly different type of clinical picture, characterized by early 
nodule formation and extensive ulceration. In addition, case 5 presented the 
unusual feature of the lesions developing with vesicles and bullae which rapidly 
became infiltrated. 

From a study of the biopsies, one fact has emerged which may be of considerable 
significance if substantiated in other types of clinical material. In cases 1 , 1 and 3, 
which showed the best response, the biopsy specimens showed a high incidence of 
reticuloendothelial cells. In case 1 “a massive infiltration by reticulum cells" 
was commented upon. In case 1, there was a massive polymorphous infiltration 
including reticuloendothelial cells. In case 3 there was moderate infiltration of 
lymphocytes and some reticuloendothelial cells. These findings showed a direct 
correlation with the clinical improvement. Thus, of the 4 cases, case z has done 
the best, clinically, case 1 second best, case 3 third best and case 4 the poorest. 
In contrast, cases 5 and 6 showed, on biopsy study, different pictures. In these 1 
patients the histological picture presented an infiltrate in which the distribution 
and polymorphism was characteristic of mycosis fungoides, but sparse in reticulo- 
endothelial cells. .. 

These observations conform with the recognized fact that Hodgkin s disease, 
presumed to be of reticulo-endothelial origin, responds better to the nitrogen mus- 
tards than do the lymphosarcomas or lymphatic leukemia which are more spe- 
cifically diseases of the lymphoid apparatus. Of interest are the obsc ™ s ° * 

of us (H.H.H.) in 1 cases of monocytic leukemia and m one case 0 rc 
sarcoma. In Ac ta case of monocytic iefemia, » 
months beyond .he expcc.ed dare of cairns, and .he Wood ““ 

at will by the ni.,o s en mustard. In d* M "^“ C ^ ic ' ulomcc i, sl m»a. met 


dneed wid. pear case by .be **. In .he case o( .he ter 

remarkable effect was secured. The patient (Ed 7 ., ag 34 - pbr J u hr 

was semimoribund at the time of treatment. He ^ 

enlargement of moderate degree and a splenomeg } ’ S Atfi ,.j 3tc0 f writ- 

resulted in disappearance of all evidence of the disease p • . ; . of ifc: 

lag, 6 months later, the only evtdences of d.sease are a shgts 
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blood lymphocytes and a somewhat greater than normal fatigue on exertion. These 
observations suggest that the point of attack of the nitrogen mustard is spe- 
cifically on the reticulo-endothclial tissue. Considerable interest attaches to the 
effects of the nitrogen mustard in the rcticulo-endothclioscs and in other diseases 
in which this system is extensively involved. However, one case of widespread 
Kaposi's sarcoma (idiopathic, multiple, hemorrhagic sarcoma of Kaposi) which 
some investigators believe to be of reticulo-endothclial origin, was treated with 
nitrogen mustard by one of us (B.A.N.) without effect upon the disease. 


SUMMARY AND CONCLUSIONS 

i. Six patients with mycosis fungoides, resistant to x-radiation, have been 
treated with nitrogen mustard. 

l. Each patient showed a striking immediate response to the drug. 

3- The extent of the remissions of the disease process, during the period of study 
(from 4 to 7 months), varied with the nature of the lesions and the biopsy findings : 

(a) Three patients with histories of prolonged premycotic stages and reticulo- 
endothelial cell hyperplasia on biopsy’ showed an excellent response to the drug. 

(b) One patient with a history' of prolonged premycotic stage and biopsy' findings 
of a dense polymorphic infiltrate, but with sparse numbers of reticulo-endothelial 
cells showed a partial response to treatment, (c) Two patients whose disease was 
o short duration with early nodule formation and ulceration with biopsy findings 
o rather few endothelial cells among the infiltrate showed rapid recurrences and 
progression of the disease. 

4- Nitrogen mustard is an effective agent in the palliative treatment of myxosis 
fungoides. 

5- It is suggested that the point of attack of the nitrogen mustard is on the neo- 
^ Tl CC ^ ar ^ n £ f rortl the reticulo-endothelial system. 

• ne response of mycosis fungoides to nitrogen mustard presents additional 
ence of the neoplastic nature of the disease. 


1 Gilman 
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lecithin and the erythrocyte factor in thf 

sedimentation phenomenon lood 


By John S. Hirschboeck, M.d. 

TS ****>• -» 

humoral theory of disease rvhirh a It «■* the basitfo, ,K- 

uu.il the Z “LSrl! f C “* ° r «** 
nomenon of erythrocyte scdimemadon ^1918° after rc ^^ C0Vcrc ^ l^e- 

fifty years, and explained much of its physiology in che lilh/ofninf^Tk^ 
methods. He proved that the speed of erythrocyte sedimentation is po^ionaTto 

follots Stoke sT ^ l S f S * a0n * m T 8 thc er >'chtocytes. The scdimentauon 
hollows Stoke s Law, which is expressed by ihe following formula- 


V 


1 




r 


v = velocity cf sedimentation 
S = gravity 

S - the density of the particle 
j\ = the density of the fluid 
n — the absolute viscosity of the fluid 
r = the radius of the particle 

In blood all of the factors remain constant except the radius of the particle, c.g , fhe 
radius of the aggregations of red cells. The greater the rouleau aggregation thc 
greater is r and the more rapid is the velocity of fall. 1 Ponder has re-examined 
Fahraeus’ thesis and confirmed it in all respects. 

The explanation of rouleau aggregation is still quite uncertain. Why the nan- 
motile erythrocytes should under certain conditions 2 lign themselves, cnc upon the 
other, in an orderly fashion like a stack of coins, remains cue cf the fascinating 
problems in hematology. Practically all investigators agree that it is ultimately a 
problem in physical chemistry. Thygesem 0 has recently reviewed thc literature an ! 
studied the problem exhaustively. The great majority of investigators arc m agree- 
ment with Fahraeus when he states, "The chief cause of this phenomenon is an 
increase in amount of the easily precipitated protein fractions, the serum glohu in 


or the fibrinogen or both." 1 

The ultimate basis for this statement is the demonstration that the cry t *c-> t.» 
settle out rapidly in solutions of fibrinogen and to a less extent ia p 0 u in *£- c • 
at all in albumin. If blood is defibrinated the sedimentation is very 
the same blood with the fibrin still in it might have a very «F« s - la-r. 
rate. Erythrocytes suspended in isotonic salt or Rmger s so ; ^ 

rouleaux and do nor settle out. Fahraeus, and with him - . 

From the Departments of Medicine and Physiology, Marquette lVn„sny & 

Milwaukee, Wisconsin. 
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Snapper/ Greisheimer et al., 5 Westergren, 6 Ham and Curtis,' and Kylin, 8 therefore 
conclude that changes in the plasma proteins are responsible for the phenomenon. 
Kiirten,' J Alfred-Brown and Munro, 10 Nitschke, 11 Oelkers and Ohnesorge, 12 Bauer, 
Rossmeisl, and Ropes, 13 Bing and Jessen, 14 and Kopp 15 believe that there are other 
factors which act either alone or together with the proteins. 

Kiirten 9 has attempted to show that the phenomenon depends upon changes in 
blood lipoids, notably cholesterol and lecithin. His interpretation received con- 
siderable acceptance in the chemical literature and among many who were unfa- 
miliar with the -work of Fahraeus. At the present time very little consideration is 
given to the plasma lipoids as factors in blood sedimentation, particularly since the 
thorough studies of Westergren, Thoerell, and Widstrcm. 6 

Some investigators believe that fibrinogen is the most important factor. Ham and 
Curtis 7 go so far as to use the Rourke-Ernstene method of determining the sedimen- 
tation rate together with a mathematical constant as a method for the quantitative 
measurement of plasma fibrinogen. Alfred-Brown and Munro 10 and Ropes, Ross- 
meisl, and Bauer 13 have demonstrated that fibrinogen may be just one factor and 
that other globulin fractions may be in certain cases as active as the fibrinogen. A 
fraction of fibrinogen isolated from rapidly sedimenting blood by Morrison l3a has 
been found to be very active. This fraction, which he calls contracdnogen, is 
salted out of plasma at a i6§ per cent saturation with ammonium sulfate. Even 
when both the fibrinogen and the globulin are accounted for, an unexplained 
additional factor may occasionally be present to affect the sedimentation. 

Practically all previous studies of blood sedimentation have dealt with the 
plasma factors alone. That the erythrocytes themselves may vary in their response 
to the plasma factors was first demonstrated by Frimberger. 16 He showed that the 
rouleau formation of erythrocytes suspended in standard artificial plasmas was 
quite constant except in certain diseases, notably diabetes. If the rouleaux are a 
physical and a chemical phenomenon, the erythrocytes must possess some factor 
which allows them to be so aggregated under the influence of the plasma. If the 
erythrocyte membrane is destroyed or altered in certain ways rouleaux do not form. 

It is the purpose of this investigation to examine the nature of this erythrocyte 
factor. 

It has been known since 1836 1 that the addition of a gum or hydrophilic colloid 
to blood greatly increased the rouleau formation. Linzenmeyer 17 has studied the 
effect cf gelatin and gum arabic on the sedimentation rate. Fahraeus suspended 
"ashed erythrocytes in solutions of sodium caseinate and demonstrated that this 
protein caused rouleau agglutination and augmented the sedimentation. Wiltshire 1 8 
noticed that washed erythrocytes suspended in solutions cf gum arabic, gum traga- 
canth, and gelatin formed rouleaux without the presence cf any native plasma. 
, e atln ls a relatively standard material and if identical solutions are made from 
r le same st ° c k they will have identical properties. Standard artificial rouleau- 
^orming plasmas of great constancy can therefore be prepared from time to time out 
a single large stock of gelatin. Obviously these solutions will not compare per- 
cct ) with solutions made from other stocks of gelatin derived from different or 
CVen similar sources. 
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The concentration of ervthrocvres in thr , 

sedimentation rate! The W the concem „S 

non. In order to make this farrnr • ucmure ™m >s the sedimenta- 

blood for twenty minutes at a high speed and remove IrldTZZ tos nllrt 
the erythrocyte-plasma ratio. This same method may be used when In e 
washed erythrocytes and artificial gelatin plasmas '*'** ***'"***"'* 

If washed erythrocytes are suspended in standard gelatin solutions in consul- 
concentranon any vacations in the sedimentation rare must necessarily be dee m 
/defences in the cry throcytes themselves. By using this method of investigation 
n is possible to discover variations in what may be called the erythrocyte factor in 
dJooci sedimentation. 


TECHNIC USED IN INVESTIGATING THE ERYTHROCYTE FACTOR 

Blood was removed with a syringe from veins of healthy men and women, of 
men and women with various diseases, of dogs, and of rabbits. Horse blood was 
obtained as it t lowed from the jugular veins of dying horses slaughtered at an abat- 
toir. Guinea pig blood was removed by cardiac puncture and turtle blood was col- 
lected as it flowed from the neck vessels of a recently decapitated animal. In all 
cases, in order to prevent coagulation, the blood was either placed in 3.S percent 
sodium citrare solution 4:1 or in vessels containing small a mourns of sed ium or 
ammonium oxalate. A quantity of this blood, usually 5 cc., was then centrifuge d 
for zo minutes in graduated hematocrit tubes, the supernatant plasma was removed, 
and 0.S5 per cent sodium chloride solution was added to the erythrocytes to the 
capacity of the tube (15 cc.). After again agitating the tube and centrifuging for zo 
minutes, the saline was removed and another volume of saline was added and the 
process repeated. The washing was repeated a second time, and in some experiments 
more often. The erythrccyres were then suspended in solutions of 1 per centgelarm 
in 0.S5 per cent sodium chloride to a concentration of one-third erythrocytes ir ‘i 
two-thirds plasma. The suspensions were well mixed and then aspirated into Wes- 
tergren sedimentation tubes. The readings, in terms of tnillimeters of settling, v.ere 
made at the end of one hour. 


VARIATIONS IN THE ERYTHROCYTE FACTOR IN HUMAN BLOOD 

The blood was obtained from healthy and diseased men and women. Table 1 
shows the erythrocyte factor compared with the sedimentation rate ref the vanous 
samples of blood. In each case the erythrocytes were prepared to the man .. f* 

viously described. . . . , ^. rf , rnrt . t . f,T 0 r 

It is evident from table 1 that there may be variations m ^ r ^ 3rd )- 0 

among individuals. The majority of the cases w ere in t e rang results 

mm. However, z normal males were definitely below this e • 

explain the failure to correlate absolutely the quantira P * 

** 2 Jus ^ 

sedimentation rate than one would expec , V rr strone ervthro- 



JOHN S. HIRSCHBOECK 581 

cyte factor, and those which should have a more rapid rate, by the presence of a 
very- weak erythrocyte factor. 

Frimberger 16 has made a similar study and did not find a great difference in the 
erythrocyte factor in a short series of cases. One patient with diabetes had a defi- 
nitely weak erythrocyte factor. 

If erythrocytes are suspended in hypotonic salt solutions they' increase in size and 
become spherocytes as they' imbibe water. In hypertonic salt solutions they r lose 
their biconcave form and appear as shrunken spheres studded with barbs and are 
designated then as crenocytes. The influence of changes in the shape of the erythro- 


Table i. — A Comparison between tbt Sedimentation of Blood and the Sedimentation of Erythrocytes from the 
Same Blood in a Standard Artificial Plasma 


Description of case 

Erythrocyte factor (scd. rate 
of washed erythrocytes in 
\% gelatin in saline) 

Blood sedimentation rate 
(Westergrcn) 

Normal male .. 

mm. per hour 

74 

mm. per hour 

8 

Normal male . 

-s 

3 

Normal male . . . 

119 

z 

Normal male... 

12.2. 

6 

Pregnant female. 

12.2. 

50 

Chronic salpingo-oophoritis . . ... 


'3 

Normal female. 

I2 -5 

4 

Pregnant female. . 

12.9 

IO 

Pregnant female. . 

130 

45 

Primary syphilis female . . 

i 3 i 

I I 


Table z. — The Erythrocyte Factor Is Not Altered by Changes in the Shape cr Water Content of the Erythrocytes 


Solution 

Without 1 % gelatin 

With 1 ^ gelatin 


mm. per hour 

mm. per hour 

0-65% NaCl 

Z 

12.6 

0-85% NaCI 

z 

12.2. 

t-MT-NaCl .... 


12.4 


cyte on the rouleau-forming tendency has been partially' studied by Frimberger. 11 * 
He demonstrated that hypotonicity or hypertonicity has no effect on the sedimen- 
tation rate in artificial plasmas. The results of a similar experiment are given in 
table x. 

The rouleaux which form have a very unusual appearance. In hypotonic solu- 
tions with 1 per cent gelatin the spheroid cells line up in rows and the appearance 
°f the aggregation is more like a compressed chain of streptococci than a true 
rouleau. In hypertonic solutions with 1 per cent gelatin the crenated eryahrocytes 
also endeavor to form true rouleaux, but because of the shape and the rigidity of 
tie cell only a few erythrocytes manage to remain aligned in a row. Instead the 
a lcslon of the cells to each other is multiplanar and a clump-like ty T pe of agglu- 
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tination supervenes. In spite of the great difference in appearance and form of the 
agglutinated masses of cells in solutions of different concentrations of sodium 
chloride, the degree of agglutination as measured by the sedimentation rate is 
surprisingly constant. Table x also serves to demonstrate the role which gelatin 
plays in the agglutination inasmuch as thecells suspended in saline solutions alone 
manifest only an insignificant sedimentation of x mm. in one hour. 

The shape of the erythrocyte is naturally altered into very bizarre forms in 
pernicious anemia. Poikilocytes of this type, pathologic in form, sediment nor- 
mally The general form of the rouleau is normal, but on close inspection it ap- 
pears more like a compressed stack of figs than a stack of coins. Pernicious ancm.a 
poikilocytes when washed in saline maintam them shape and when suspended m 
celatin solution settle out at the same rate as normal erythrocytes (table 3;. 

S Changes in the erythrocyte shape in the direction of spherocytosis caused by 
hemolysins are not comparable ro the changes produced by hypotonic .saline. 
The hemolysin actually alters the surface of the cell and interferes with normal 
Lrface effects produced by the plasma, and rouleau formation does not take pk e, 


Tadle , rf* ***" 

3 ' One hour 


One-half hour 



r- 

35 


nw. 


46 


Poikilocytes 

Normal erythrocytes . 

™ tq* « 37 “ SfS.L »«■ It 1-7™ 

« pracicU.y Fahraeus” 

until 1937. %N ^ e ^ A Within into lysolecithm v.h making 

Jysolecithinase, converted 1 ‘f ^ J tc surfa ce as a ^‘g* trilh ** 
The lysolecithin acts upon the erytnr ' kationoft be blood interferes 

the cells incapable ™ the ‘ blood relatively ^tmal. fl0rma] 

action of the enzyme and ^ 2 have attempted to , v „ dcmo n- 

Melgren,- Stephens ^ 

7 

cytes stored in trie mu 
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sedimentation rate cf blood from the splenic vein is slower than that from the 
splenic artery. Stephens also demonstrated that the settling erythrocytes became 
stratified. The prchcmolvzcd cells fall more slowly than the normal cells and 
remain above them as a semiopaque layer. There may be several strata, depending 
upon the degree of hemolysis in the spleen. This same phenomenon may occur 
in acquired and congenital hemolytic anemias. Gripwall" has attempted to 
explain hemolytic anemias as the result cf an overactive reservoir function of the 
spleen with increased lysclccithin formation. Singer-’ has shown that there is a 
difference in susceptibility of erythrocytes to lysolecithin hemolysis. The red cells 
of congenital hemolytic anemia arc very weak in their resistance to lysolecithin 
hemolysis while the cells of acquired or symptomatic hemolytic anemia have a 
normal resistance to lysolecithin hemolysis. 

b is apparent chat the erythrocyte factor is destroyed by lysolecithin. This 
substance is lecithin with the second unsaturated fatty acid radical replaced by a 
hydroxyl group. 2a The enzyme lysolecithin is apparently identical with the hemo- 
lytic agent of cobra venom. :c 

Saponin is a very effective hemolytic agent and is well suited to hematologic 
investigation because of the small amounts which can be used. Hintregger- 7 ob- 


Tahle 4 . — The Effect cf Saponin on the Blood Sedimentation Kate 


Washed human erythrocytes in 
r; cdatin in<).H5 r ; saline 


Washed human erythrocytes in 
Vi gelatin in 0 W f sabne 
with 0.2 'r, saponin 


Sed. 


«te (one-half hour). . 


mm. 

12.2- 


I 


mm. 

o 


CrVe r ^ at f he addition of saponin to normal hog blood in a concentration of 
effect^ CCnt reduced t l ie sedimentation rate by 60 per cent. Table 4 shows the 
er^h ° ac ^' n S sa P on in (Merck) in a concentration of 0.2. per cent to washed 
until C ^ t£S * n aTll ^ cla ^ gelatin plasma. The erythrocytes were not hemolyzed 
the' ^ ^° Urs ^ a< ^ e l a P se d, but during the period within 10 minutes after adding 
saponi POnin ’ C ^ C CC ^ S ^ ad k ecome spherical and failed to form rouleaux. The 
apparently injures the erythrocyte surface in a manner similar to lysoleci- 


thin and 


interferes with rouleau agglutination. 


The ff Avjuicd.u a-ggiuujiiiuun. 

been C r Ct ° P autoilemol ysis on rouleau formation at low temperatures has not 
refrie- U ^ *° an ^ extent - Blood may be stored from three to six weeks in a 
is enrich^ W-ltPl ° Ut a PP rec i a hie hemolysis taking place, especially when the blood 
ta in its ° WIt ^ dextrose- O ne would expect that blood so preserved could main- 
C y tc ^° u i eau 'forming power. Table 5 shows the effect of storage on the erythro- 


a specimen of dog blood. The animal was sacrificed with ether and 


much hi — v uw 6 uiuuu . x iic 

j tWa , 00<a as possible was collected in 3.8 per cent sodium citrate solution. 

storag e C P t .^ ,crca fte r at 5 degrees C. Slight hemolysis was present during the entire 
filohin ^ Cn °^' ^ rom the fourth to the seventeenth day, considerable free hemo- 
tc sted for* 15 rdeaSed and t ^ le pi asrna had a definite red color. The blood was not 
0r ifiin f ster dity and it is possible that the hemolysis may have had a bacterial 
311 vvas not the result of true autohemolysis. 
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Table 6 demonstrates the effect of incubation on blood at body temperature for 
14 hours. The erythrocyte factor is completely destroyed by this treatment. The 
cells become spherical and there is no rouleau formation. 

It has been stated previously that the occurrence of the rouleau phenomenon 
depends upon the physical and chemical interaction of plasma and erythrocyte 
factors. It is evident that hemolysis destroys the erythrocyte factor and therefore 
it must reside in the erythrocyte membrane. The exact structure of this membrane 
is unknown. However, it is considered to consist chiefly of protein, lecithin, or a 
related lipoid and small amounts of cholesterol. 2S The importance of the lipoid 
content of the erythrocyte was recently demonstrated by Williams ct a!.-- There 
are species differences, and interestingly enough, these differences show a relation- 
ship to the species variations in the rouleau-forming tendency. 


Table The EJfrct of Storage at / Deffees C. on the Erythrocyte Fort* of Dog Blood 

No. of days stored 

One hour sed. rate of washed cells suspended in 1C 
gelatin in saline 


mm. 


no 

I 

6 i 

3 

54 

4 

16 

17 

_ — - — — — — 




Hours on the Stitmtnta'm Rut/ mul an th 



After incubation 


l in 1 


12.1 


oci sedimentation me • „ r htin ii 

Mentation rate of washed erythrocytes .n .% «*«“ 

.85% saline 

1 soluble concentrate of the 

Brinkman and Ward" attempted .0 : maka >» ^ on ^ 

inn washings of * ™°H 00 a. This content,™ was torn » 

-C when this material was added to sho wn previously that 

hich ha obtained were only a of Brinkman and Wasd " 

odneed by fibrinogen 0, ^"" ot „,e were meager. 1 base bee. 
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Since there is a strong tendency for lipoids to form a loose combination with 
proteins, it is possible that there may be an attraction between the membrane 
lipoid and plasma protein, particularly fibrinogen. Increases in plasma fibrinogen 
may thus alter the erythrocyte membrane at the interface and change the sur- 
face forces so chat there is an attraction between the cells produced by dehydrating 
the surface with the tendency for them to collect into rouleaux. 

In order to test this hypothesis, studies of the effect of gelatin on lecithin emul- 
sions and lecithin-coated particles were made. Chemically pure reagents were used 
and the gelatin was from the same stock used in the previous experiments. This 
gelatin was found to contain a small amount of calcium and other salts and conse- 
quently was not electrolyte free. The concentration of electrolyte was much less 
than i per cent because the ash residue was only 0.99 per cent. Fresh egg lecithin 
(Merck) (Difco) was used. Lecithin which is more than a year old may not be 
satisfactory'. 

The flocculation of lecithin by gelatin apparently has not been described pre- 
viously. When one prepares an emulsion of 1 per cent lecithin in a 1 per cent gelatin 
ino.85 percent sodium chloride solution and allows it to stand, a flocculation of the 
lecithin begins in from 3 to 6 minutes and becomes complete in from 15 to 10 
minutes. By this time there is a complete separation of the lecithin in the form of a 
fine curd. The presence of an electrolyte is necessary. The reaction does not occur 
lfdialized gelatin and distilled water are used. If undialized gelatin and distilled 


water are used a floe begins to appear after one hour. The amount of electrolyte 
present in the undialized gelatin is apparently sufficient to allow the floe to form 
after this period of time. 

Forges and Neubauer" first showed that electrolytes alone will flocculate 
lecithin emulsions. Since the time of their investigation the phenomenon has been 
studied several times." 2 27 The concentration of the electrolyte, the nature and 
charge of the ions, and the hydrogen ion concentration are determining factors in 
the reaction. Handovsky and Wagner 37 demonstrated that beef serum flocculates 
lecithin and that it is the globulin and not the albumin fraction which is respon- 
sible. They conclude that a lecithin-globulin complex is formed which is unstable 
ln the emulsion and consequently flocculates. Table 7 compares the flocculating 
power of a pure electrolyte with that of an electrolyte plus gelatin. It is evident 
that the gelatin greatly augments the lecithin flocculation. 

Any explanation of the physical and chemical reactions which take place when 
gelatin is introduced into a lecithin emulsion will necessarily be hypothetical 
because our knowledge of the mechanisms of such colloidal behavior is very 
meager. In the electrolytic flocculation, the reaction between the positive ion and 
ecithin is perhaps a loose chemical combination. The surface of the lipoid particle 
ls Ranged, the charge is neutralized in part, and the particles failing to repel each 
other with the original intensity agglutinate without coalescing and form a rever- 
S1 e Perhaps gelatin becomes adsorbed to the lecithin surface in a loose 

C K ' m ‘ c al combination, changes the surface of the lipoid, and allows the flocculation 
to take place more readily in a very low concentration of electrolyte, 
j importance of electrolytes in the stability of emulsions is spectacularly 
1 emonstrated by an experiment first performed by Long. 35 If one prepares an emul- 
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Table 7. — A Comparison between Lecithin-Sodium Chloride and Lecithin-Sodium 
Chloride' Gelatin Flocculations 
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lecithin is immediately and completely taken up by the ether. The electrolyte 
ions apparently orient themselves at the lecithin-water interface and change the 
physical properties of the emulsion. 

It is possible to augment the electrolyte flocculation of lecithin by introducing 
other hydrophylic colloids. Agar and tragacanth arc almost as active as gelatin. 
Gum arabic has no appreciable effect. As mentioned previously, Handovsky and 
Wagner showed that serum albumin had no flocculating power, whereas whole 
serum did. This led them to conclude that serum globulin had a strong flocculating 
effect on lecithin. Egg albumin produces no flocculation 
In order to make the analogy between lecithin flocculation and rouleau forma- 
tion and blood sedimentation more concrete, it was decided to test the effect of 
gelatin solutions on inert particles of matter which had been coated with a film of 
lecithin. Vermilion cinnabar particles were chosen because they approximate the 
erythrocyte in amplitude and uniformity of size. Their shape, however, is very 
irregular. Carbon and kaolin particles are too small and spores and starch granules 
are too large. The cinnabar was lecithinized by saturating 3 grams of it in a mortar 
with a 1 per cent solution of lecithin in ether The mass was stirred until a thick 
paste had formed as the ether evaporated. The powder which remained after the 
ether had completely evaporated was then used in the experiments. 

A suspension of lecithinized cinnabar in 0.85 per cent saline is quite stable, 
while a suspension of plain cinnabar is most unstable and settles out within a 
few minutes. The lecithin adsorption to the particle apparently gives it a strong 
charge and causes the particles to repel each other. If 1 per cent gelatin is added to 
the lecithinized cinnabar suspension, a slow even flocculation occurs and the mass 
begins to settle out in a manner similar to the sedimentation of erythrocytes. Figure 
1 shows the difference between a saline-lecithin suspension and a saline-lecithin- 
gelatin suspension of cinnabar particles after standing one-half hour. 

The flocculation as seen under the microscope is equally interesting. The leci- 
thinized cinnabar particles in the saline preparation remain isolated as discrete 
bodies just as washed erythrocytes in a saline suspension. When gelatin is present; 
however, the particles attempt to line up in a network of chains and appear some- 
what like a mycelium. The flocculation is in a linear form just as it is in the rou- 
leau. The microscopic appearance of the floe on cover glass preparations of lecithin- 
gelatin emulsions also shows the mycelium-like organization of the droplets. 

It is evident that there is a certain parallel relationship between rouleau forma- 
t'on and the flocculation of lecithin by certain hydrophilic colloids, and it is 
possible that the explanation of rouleau formation lies, at least in part, in this 
relationship. We have seen that the rouleau phenomenon depends upon the inter- 
action of the lipoid surface of the cell with a protein solution and that certain 
proteins which are not native to the blood plasma react with lecithin and lecithin- 
coated particles just as they do with erythrocytes. The gelatin-lipoid surface 
reaction is therefore most probably responsible for the rouleau phenomenon, 
s the rouleau formation in native blood the result of a similar surface reaction 
etween the lipoid cellular membrane and the plasma fibrinogen and globulin? 
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Certain experiments show that erythrocytes behave similarly to lecithin. Porgcs 
and Neubauer 31 demonstrated that lecithin flocculation by electrolytes follows the 
pattern of Hoffmeister's ionic series. Radsma 39 showed that the agglutination of 
erythrocytes by a 4.15 per cent glucose solution is hindered by the presence of 
ions and that the effectiveness of the particular ions was in the same order as 
Hoffmeister's ionic series. Similarly Hober 40 noticed that hemolysis by hypotonic 
saline was hindered according to the series. The properties of the erythrocytes 
therefore are definitely linked with their lecithin content. 



' ■ ~ ’ s w Na a B. Lecithinized Cinnabar in iffo GcIat,n ' 

F10. A. Ci “ b “r„ S 5fS to- 
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After the effect of *£££ 
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incongruous observations at this time. There is some evidence that gelatin will 
not flocculate lecithin that has been previously suspended in an albumin solution 
but will flocculate lecithin that has been previously suspended in a fibrinogen 
solution. 

The naturally occurring erythrocyte lccitho-protein surface is not reproducible 
in the test tube at this time. Explanations of the cause and mechanics of rouleau 
formation are therefore only theoretical. It is possible that the normal erythrocyte 
has a surface of lecitho-globulin or lecitho-fibrinogen. This surface becomes de- 
hydrated in the presence of more than the normal amounts of the homologous 
protein in the plasma, and rouleau agglutination occurs. The erythrocyte lccitho- 
protein surface varies pathologically and at times physiologically. Qualitative 
and quantitative changes in the chemical composition of this lccitho-protein and 
of the plasma proteins result in more or less rouleau agglutination with a correla- 
tive erythrocyte sedimentation rate. 

Table 8. — Degree of Flocculation in Lecithin Emulsions in Plasma Protein Solutions at the End of 

One- Half Hour 


0-85% sodium chloride .0 

!% gelatin in 0.85% sodium chloride ■■■ + + + + 

c gg albumin in 0.85% sodium chloride . . . ■ ■ o 

t-% horse fibrinogen in 0.85% sodium chloride . o 

horse euglobulin in 0.85% sodium chloride . . . ° 

1% horse pseudoglobulin in 0.85% sodium chloride ... + + + + 

1% horse albumin in 0.85% sodium chloride . .... . + + + + 


SUMMARY 

i. The erythrocyte factor in the blood sedimentation phenomenon is not 
influenced by changes in size or shape of the erythrocytes unless the surface is 
altered by a hemolytic agent. 

z. The erythrocyte factor varies considerably in health and disease. It is depleted 
"hen blood is stored under refrigeration. 

3- Egg lecithin emulsions and particles of cinnabar covered with lecithin are 
occulated by gelatin solutions. The phenomenon is similar to the formation of 

r0u eaux * n gelatin solutions. 

4- An attempt to explain rouleau formation as a flocculation reaction between 
P asma proteins and the lecitho-protein surface of the erythrocyte is made. 
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CASE REPORT 


THE CO-EXISTENCE OF CHRONIC LEUKEMIA AND PREGNANCY 
By Jonah G. Li, M.D., Alice McBride, B.A., and Stacy R. Mettier, M.D. 

T HERE is no unanimity of opinion among clinicians with regard to the influence 
of pregnancy on the prognosis of leukemia. Vignes 1 maintains that signs and 
symptoms of leukemia are temporarily enhanced by pregnancy, but usually improve 
with parturition. Angelucci 2 and Kasmak 3 are of the opinion that the symptom- 
ology of leukemia becomes more marked with the progression of pregnancy. The 
latter author advocates the termination of pregnancy or induction of labor when the 
diagnosis of leukemia is established during the course of cyesis. Gner and Richter 
also concur that pregnancy may induce a relapse of the leukemic process. On the 
other hand, Kaplan and Connery , 5 Forkner , 6 McGoldnck and Lapp, Molonc} . 
Heffcrnan , 8 claim that pregnancy has no influence whatsoever on the prognosis o 
chronic myelogenous leukemia. The data accumulated by these authors does not 
beat out the contention that pregnancy rapidly precipitates a fatal outcome for the 
patient. As a matter of fact, sutgteal intervention of pregnancy - Y Mcmmental 
to the life of the mother because of possible precipitation o * P ha5 
kemia, or uncontrollable ^ morr h a ^‘ ^ ^ wsc ]f. 
a good chance of carrying her pregnan y ■ h hron j c myelogenous 
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Count of illntss. Total body roentgen irradiation was started soon after the diagnosis of chronic myel- 
ogenous leukemia was established. Within i month following repeated exposures to x-ray irradiation, 
the white blood count dropped to 11,650 cells per cm.; erythrocytes increased to 3,1 10,000 cells per cm. of 
blood, and the hemoglobin increased to 71 per cent (Sahli). During the subsequent ll years, the white 
blood count seldom exceeded lo.occ cells per cm. of blood, and the hemoglobin remained within a range 
of 50 percent (Sahli). The spleen and liver were seldom palpable during this time. 

During pregnancy, the patient was examined and the status of her blood evaluated at biweekly inter- 
vals. At no time during the entire period of gestation did the white blood count rise above 2.0,000 cells 
per cm. of blood, nor did the hemoglobin drop below 90 per cent (Sahli). Only the usually prescribed hy- 
gienic measures were observed during the prenatal period. Neither arsenic nor x-ray irradiation was given 
the patient. At term, a normal female child was born, exhibiting no evidence of leukemia. No complica- 
tion was encountered during the postpartum period. Six months have passed since the birth of the child. 
When last examined, the patient appeared in good health and there had been no exacerbation of symp- 
toms. The spleen was nonpalpablc, and the blood count was: hemoglobin, 94 per cent (Sahli); erythro- 
cytes 3,870,000 cells per cm.; leukocytes, 19,000 cells per cm. of blood. 

Cast 1. Mrs. D. E. F., a 36 year old white housewife, was admitted November it, 1943 to the Univer- 
sity of California Hospital, complaining of a progressive enlargement of her abdomen and the appearance 
of hemorrhagic spots over her lower extremities. Ten months prior to this entry, the patient had consulted 
her physician because of amcnorrhoea, and was told that she was 3 months pregnant. Incidental findings 
at this time were an enlarged spleen and a leukocytosis of 105,000 cells per cm. of blood. No anemia was 
recorded. The patient was advised to have x-ray irradiation, but she refused to co-operate in carrying out 
this therapeutic procedure. X-ray irradiation, therefore, was not used in the patient during the period of 
gestation. The pregnancy progressed without untoward symptoms, and a normal male child, showing no 
stigmata of leukemia, was delivered at term. The postpartum period was complicated by a slight throm- 
bophlebitis of the right leg which subsided in about a month's time. The white blood cells had remained 
within a range of 300,000 cells per cm. of blood during the pregnancy. The patient was asymptomatic 
until three months after parturition when the spleen, which had been previously moderately enlarged, 
began to increase in size and became markedly tender. There was also a recurrence of the tendency to bruise 
easily. 

Physical examination at the ttme of entry. The patient was thin, pale, and appeared younger than the 
stated age of 36 years. She seemed to suffer acute pain in the left upper quadrant of the abdomen on sudden 
motion of the body. Small, discrete, firm lymph nodes were found in the anterior cervical regions, axillae, 
cpitrochlcar and inguinal regions. Ecchymoses, about 6 cm. in diameter, appeared over the right knee 
and over the left thigh. The liver edge was firm, and could be felt about 3 cm. below the right costal 
margin. The spleen, tremendously enlarged, filled the entire left side of the abdomen and extended into 
the pelvis, and was markedly tender. No dependent edema of the tissues was apparent. 

Laboratory data. The blood examination showed: hemoglobin, 49 per cent (Sahli); erythrocytes, 
2 -, 740, 000 cells per cm.; leukocytes, 478,000 cells per cm. of blood. The differential count was: segmented 
pol) morphonuclear leukocytes, 9.0 per cent; nonsegmented leukocytes, 62.. o per cent; eosinophiles, 1.0 
per cent; basophiles, 0.5 per cent; metamyelocytes, 14.0 per cent; myelocytes, 10.5 per cent; promyelo- 
c )tcs, 1.0 per cent; myeloblasts, 1.0 per cent. The platelets were 360,000 per cubic mm. of blood. 

Diagnosis. Chronic myelogenous leukemia. 

Count of illness . The patient was treated with radio-active phosphorous, starting with an initial dose 
0 l6 5 me. Subsequently she was given varying doses of radio-active phosphorous, 136 to 315 me. intra- 
'enouslv, at 2. to 8 day intervals. After 8 weeks had elapsed, the hemoglobin was recorded at 77 per cent 
of' 3 ’ “T'^rocytes, 2.,63o,cco cells per cm.; leukocytes, 2.82.,ooo cells per cm. of blood. Then, because 
th X * C SCarCK - t * le ra< h°-active salt, total body x-ray irradiation was substituted. In another 4 weeks, 
' e licmoglob 10 was 90 per cent (Sahli), the erythrocytes count was 4,710,000 ceils per cm.; and the white 

“ C ° Unt ' vas l8 .°no cells per cm. of blood. During this time, there was a gradual reduction in the size 

t c spleen so that it was felt only with great difficulty. Since then, exposures of the patient to x-ray 
cell latl ° n bavc bccn so s P acc d as to maintain the level of the circulating white blood cells below zo,ooo 
a I Cm °^ bloocb hemoglobin has remained within the range of 90 per cent saturation. The liver 
sp cen have become vaguely palpable only on occasions. 
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Two weeks after parturition, the patient had another occurrence of severe vaginal hemorrhage which 
confined her to the hospital for 16 days. When discharged from the hospital, she was gaining in strength, 
but was conscious of an enlarged mass at the upper left quadrant of her abdomen which was tender uron’ 
pressure. 1 


Laboratory data. The blood examination disclosed: hemoglobin, 68 per cent (Sahli); erythrocytes, 

2.580.000 cells per cm.; leukocytes, 183,000 cells per cm. of blood. The differential count was: segmented 
polymorphonuclear leukocytes, 14.0 per cent; nonsegmented leukocytes, 21.0 per cent; metamyelocytes, 

45.0 per cent; myelocytes , 16.0 pet cenc; myeloblasts, 4.0 percent. The platelet count was 346,000 per cm. 
of blood. 

Diagnosis. Chronic myelogenous leukemia. 

Count 0} Hints!. The patient was given small doses of radio-active phosphorous (200 to 400 me.) in- 
travenously at weekly intervals, fa S weeks’ time, the hemoglobin was recorded to be 80 per cent (Sahli), 
erythrocytes, 4,o9o,ccocclls per cm.; leukocytes, 16,000 cells per cm. of blood. The spleen became gradu- 
ally and progressively smaller until it was no longer palpable. Her leukocytes were maintained at a level 
below io.ooo cells per cm. of blood by periodic injections of small doses of radio-active phosphorous. 
The patient was well for the next 18 months and able to carry on with her housework without difficulties. 
At the end of this period, the patient had an acute exacerbation of symptoms. Her spleen became progres- 
sively enlarged and tender in spite of repeated radio-active irradiation therapy. Roentgen irradiation to 
the spleen had no effect in reducing its size. A progressive anemia developed but the leukocytes remained 
at the range of 6,000 to 10,000 cells per cm. of blood at all times. This phase of the disease lasted 2 months 
and terminated with the death of the patient. Her child remained normal in all respects with no evidence 
of leukemia. 


Cast 4. Mrs. E. E., a 22 year old white housewife, had consulted her physician a year previously be- 
cause of amenorrhoea, and was told that she was pregnant. She had been married for 3 years but had hail 
difficulty in conceiving during all this time. A routine physical examination an comp etc oo 
:ton were found to be within normal limits at that time. The entire pericr 0 gestation pr g 
iventfully, except for a moderate hypochromic anemia of 60 per cenc(Sahii), tscosere “ , . 

rimester of the pregnancy. A difficult labor was encountered at ( ° "“'/tog and difficult, 
hiid with persistent arrest of the occiput in the posterior position. ) . . j Q . m $ 

equiring the use of forceps, and the infant was delivered dead. The postmortem exammattoa dt^d 
hat the child was normal without evidence of leukemia but atelectasis of th Jungs » ^ 

ause of death. On the second day postpartum, the patient had a rise m iemp-wture ^ ^ eaf 
food count disclosed a leukocytosis of 180,000 cells per cm. 0 oa ’ . ( hvpeephsti: 

Sahli). A sternal marrow aspiration was done and the marrow was found oh m* - J 
4 th a preponderance of promyelocytes and myelocytes. It ts compatible with th. dug 

yelogenous leukemia. , w£}) „ our ; s h:l The skin ar.J 

Physical examination. The patient appeared to be well develop d Dis cr c[ ., smalllym ?!’ rsits 
ucotts membranes were pale, but no petechiae or ccchymoscs we p 
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were found in her cervical region, axillae and groins. The liver edge was felt 6 cm. below her right costal 
margin. A firm, tender spleen was found to be enlarged down to the level of the umbilicus. There "as no 
dependent edema. 

Lahratcry Aula. A hematologic examination revealed: hemoglobin, 37 per cent (Sahli); erythro- 
cytes, 1,310,000 cells per cm.; leukocytes, 160,000 cells per cm. of blood. The differential count was: seg- 
mented polymorphonuclear leukocytes, 10.0 per cent; nonsegmented leukocytes, 33.0 per cent; monocytes, 
3.0 per cent; lymphocytes, .4.0 per cent; eosinophiles, 1.0 per cent; basophiles, x.o per cent; metamyelo- 
cytes, xi.o per cent; myelocytes, 13.0 per cent, and myeloblasts, i.o per cent. 

Diagnosis. Chronic myelogenous leukemia. 

Count of illniss. After repeated transfusions, the hemoglobin was noted as 73 per cent (Sahli); and 
erythrocytes, 3,810,000 cells per cm. of blood. Three weeks after the initial transfusion, the patient be- 
came markedly jaundiced with moderate tenderness over the liver. The icterus index was 140 units. Herpes 
simplex were found on her perioral regions. There was progressive enlargement of her spleen. A course of 
roentgen irradiation directed over the spleen was started. At the time this paper was being prepared, the 
patient was still in the hospital but was gaining strength. 

DISCUSSION 

It is unusual for leukemic women to become pregnant. The reason for the infer- 
tility of patients has not been established. Perhaps their poor physical health and 
the amenorrhoea generally associated with the disease are some of the influential 
factors. In studying postmortem materials, it is not unusual for the reproductive 
organs to be heavily infiltrated with leukemic cells. The entire ovary and the mu- 
cosal surface of the uterus may be destroyed; therefore, ovulation and gestation are 
almost impossible. This is especially apparent in lymphogenous leukemia. 

Although the occurrence of leukemia has been reported in newborn infants, 10 
there is no evidence that leukemia is an hereditary disease. Cameron 11 calls atten- 
tlon to the efficacy of the placenta as a barrier in keeping the leukemic cells from 
entering the fetal circulation. Burchenal 12 has been unable to transmit leukemia 
from the diseased mouse to its offspring. The fear of the leukemic mother having a 
leukemic child is no indication for termination of the pregnancy. 

The deleterious effects of irradiation on the fetus have been pointed out by Rol- 
leston, 13 Murphy, Shirlock and Doll. 14 Angelucci 2 advocates the use of a solution 
°f potassium arsenite (Fowler's solution) in pregnant leukemic women, resorting to 
roentgen irradiation over the long bones, spleen and mediastinum only when the 
former medication is no longer effective. The fetus is not exposed to the irradiation 
b }' this means. 


SUMMARY 


he co-existence of pregnancy in 4 patients with chronic myelogenous leukemia 
as been reported. One patient was known to have had chronic myelogenous leu- 
'emia 3 years prior to her pregnancy. The diagnosis of leukemia was made during 
e course of pregnancy in the remaining 3 patients; x in the first trimester, the 
ot cr z in the third trimester. No specific therapy was required in any of the pa- 
tients during pregnancy. Their children at birth showed no stigmata of leukemia. 

urrent literature on the subject has been reviewed. The consensus is that preg- 
n ,anc) ^ oes n ot influence the prognosis of chronic myelogenous leukemia. During 
t ie period of gestation, the symptoms can be controlled by administration of a 
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solution of potassium arsenite (Fowler's solution) and irradiation therapy over long 

bones, spleen and mediastinum without exposing the fetus. 
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EDITORIAL 

New Forms of “Idiopathic" Thrombocytopenic Purpura 

T HROMBOCYTOPENIA is in general due to one of several mechanisms: 

i. A deficiency in the materials necessary for normal platelet production by the 
marrow megakaryocytes, as in pernicious anemia. 

i. A reduction in the actual number of megakaryocytes, and thus in platelets, 
as in leukemia and aplastic anemia. 

3. A reduction in platelet formation by the cytoplasm of the megakaryocytes, 
as in idiopathic thrombocytopenic purpura and in numerous conditions with 
splenomegaly, and in certain allergic states. 

4- A "sweeping-up” effect, in which although the megakaryocytes are pre- 
sumably normal both in number and in platelet production the latter arc "lost” 
in the peripheral blood vessels. It is with this type of condition that the two 
papers of Fitzpatrick et al., and Singer, Bornstein and Wile in this issue are con- 
cerned. 

In the typical form of idiopathic thrombocytopenic purpura, the megakary- 
ocytes are numerous but greatly deficient in platelet production. We conceive of 
this disorder as a form of hypersplenism, 1 splenectomy being followed by an ex- 
treme increase in platelet production. It seems likely that the spleen is functionally 
abnormal, producing either an abnormal substance or an excessive amount of a 
normal inhibitor of platelet production. Other forms of idiopathic thrombocyto- 
penia are beginning to be discriminated. Thus, the type associated with spleno- 
megaly may also be classed as a form of hypersplenism. This may occur in such 
diverse conditions as rheumatoid arthritis, Boeck’s sarcoid, Gaucher’s disease and 
cirrhosis of the liver. The platelet diminution may also be due to an excess of 
platelet inhibitor released by the enlarged spleen. 

S- O. Schwartz 2 has pointed out that an allergic reaction on the part of the mar- 
row may result in megakaryocytic changes indistinguishable from those found 
ln t ^ le completely idiopathic type. The allergic reaction is however associated with 
a marrow eosinophilia, which serves to distinguish it from the nonallergic type. 
Schwartz contends that those cases showing eosinophilia as a rule recover without 
splenectomy. Before this concept can be fully accepted, further statistical data are 
required. 

Thrombotic thrombocytopenic purpura," as described in this issue under dif- 
erent designations, poses a new problem to the clinician. Is the case of thrombo- 
c )topenic purpura at hand one of the truly idiopathic type in which the marrow 
megakaryocytes are functionally inadequate, or is it perhaps the disorder first 
escribed by Moschowitz, in which megakaryocytes are normal both in number 
a n in function, but the platelets are being swept into small blood vessels where 
e) cause multiple thromboses? Singer discusses the differential diagnostic features 
>ch may be diagnostically helpful in a given case. The condition appears to be 
more common than was previously considered, although the diagnosis has yet to 
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be made clinically. The prognosis in the thrombotic type is apparently uniformly 
bad, whereas in the ordinary idiopathic type it is usually good when splenec- 
tomy is performed. 

William Dameshek, M.D. 
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HEMATOPOIETIC TISSUES 


Histologic Changes Occurring in the Hemopoietic Organ’s or Almxo Rats After Single Injections 
1 Cbloroethyl Vesicants ; A Quantitative Study. J . E. KtnJreJ. From t lie Anatomical Laboratory, 
University of Virginia, Charlottesville. Arch. Path. 2-53—2-95, 1 947* 

The effects of intravenous injections of sulfur mustard and 3 nitrogen mustard vesicants on the hemata- 
poietic organs of male albino rats were studied. In general, the results were the production of a lympho- 
penia in all groups of test animals, a reduction in the weight and amount of the lymphoid tissue, and a 
hypoplasia and hyperemia of the femoral marrow. Erythropoietic tissue was more resistant than lcuko- 
poictic tissue. Mitoses of myeloid cells were inhibited temporarily. Neutrophils on their way to maturity 
mi) have been stimulated to complete their maturation while the more immature ones were inhibited. 
Megakaryocytes seemed to suffer the least. As a rule, the marrow reacted more slowly to the vesicants 
than did the lymphoid organs. 

O. P.J. 


The Action- of Ribonuclease on Fixed Tissues. R. E. Stou tll ami A. Zor^oli. From the Department of 
Pathology, Washington University School of Medicine, St. Louis, Mo. Stain Technology 22: 51-61, 
1 947 - 

One of the methods used for localizing nuclcoprotcins within cells is to study the stainability folio w- 
g the specific action of the enzyme. Ribonuclease has been used by many investigators and in about as 
n ) different ways. Stowell and Zorzoli have attempted to establish the optimal conditions for the 
^tochemical use of this enzyme. The best general fixative was found to be neutral formalin (4 per cent 
thc^ 3 Of the five buffers tested, Mcllvaine’scitric-acid-disodium-phosphatc buffer at pH 7.0 was 

buc 7 sa tisfactory. The length of incubation seemed to have a direct relationship to enzymatic action 
and a ® act i° n was less active at room temperature, there was little difference between 60 , 50 

TO /°i ^ ^° r e ^ cct * ve distinction of cytoplasmic staining. Even a ribonuclease concentration of 0.001 
S m . reduced staining considerably after prolonged incubation. 

O.P.J. 

ogentsis, Crenation and Cytolytic Reactions of the Erythrocytes of Amphibians. J. Holtf refer. 
^4^ e P a rtments of Zoology-, McGill University and University' of Rochester. J. Morph. 80: 345-36/* 

arc lbc C . S ^ so ^ ate d embryonic amphibian cells have shown them to have 4 protoplasmic layers. These 
rated f ^ a5maso ^ core containing the nucleus, which is surrounded by' a viscid capsule of plasmagel sepa- 
s phcricai m ^ rnem ^ rane by 2. shell of ectoplasmic fluid. The amphibian erythrocy'te originates from a 
chanp- s ■ ce U which has these same cytoplasmic lay’ers. The isolated amoeboid erythroblast 

a Ppk” c) tS S ^ a ^ C scvera ^ rimes before it reaches the final form. The first noticeable change is the “thorn- 
"iih one CrCnatC ^ ^ orrn - Later it becomes endowed with a monaxial polarity' in which it is elongated 
b ranc is an< * one corrugated side. There is considerable evidence to indicate that the outer mem- 

c most important formgiving element of the cell. When freshly' differentiated ery'throcy'tes are 
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Tjje Femoral Bone Marrow Cells of the Albino P, t AI t/ ; r 

York Medical College. Am. J. Mcd . Sc. 4^*7 * ° f 

A new technic for obtaining rat femoral bone marrow has been pronns-d TV ! , 

dissection of the femur free from the soft tissues and the 

-o g gc s> nnge inserted into the bisected bone. The marrow is mixed in a drop of saline and then sm-a-e ' 
According to \ ogel, the advantage of this method over others is that it perrons the counting ofcoire^ 
me cells rather than those in selected fields. Some rears ago, Isaacs (Science (Sr 547, ^developed a 
somewhat similar method for human sternal marrow. Instead of saline, he used serum, plasma or aeuti 
f!u,d. It must be realized that in all of these methods, to obtain the best morphologic detail the prepara- 
tion must be dried rapidly and that this may be prevented by having too much diluting fluid. 

0. P.J. 


IRON POISONING 


Poisoning with a Preparation of Iron, Copper, and Manganese. G. Forbti. From the Department of 

Forensic Medicine, University of Sheffield, Sheffield, England. Brit Med J. /• 567-570, 1947. 

This report of 1 fatal cases of poisoning from ingesnon of a large number of medicinal tablets contain- 
ing ferrous sulphate, copper sulphate, and manganous sulphate is important in new of the ividtspttaJ 
belief chat iron salts are harmless when ingested, and because of the current trend of clinical u<c of mrJici- 
nal iron preparations containing copper and other metal salts. 

Forbes reviews the literature dealing with the toxic effects of iron salts and emphasizes the fact that 
although reported instances of poisoning from this cause have been extreme!} rare, they haveorcu.TcJ. 
He also summarizes the observations relating to toxicity of copper and manganese salts, uhicb are quite 
definitely toxic when ingested in moderate amounts. 

The 1 fatal cases which he reports were children aged j years and 1 year respectively. Th: older child 
ingested 50 tablets, each of which contained ferrous sulphate cxsic. 5 gr., copper sulphate 1 15 gr ard 
manganese sulphate 1/15 gr. The younger child ingested 30 of these tablets. Symptoms were primarily 
those of profound gastrointestinal irritation and vascular collapse. Death occurred in each instance ar.d 
autopsy revealed necrosis in the stomach and toxic changes in the liver. 

Animal experiments indicated that death could be produced in guinea pigs and cats by administration 

of the same tablets, and that the large amount of iron was the toxic agent. 

J- c. K. 


Two Cases or Ferrous Suiotate Poisoning. J. ft«. From the Royal Infirmary, Dundee, Scotland 

^ ~ «■».* 0. 

died following ingestion of 40 tablets similar to those described in the pres uons r epo 

mmi child , ,=« i>l 'die;-* ■*««-•££££ ££3 .«! a 

case were those of extreme gastric irritation and hemorrhage. The fat 

nochangcs except necrosis of the gastric mucosa. j f R 


LEUCOCYTIC DISEASES 

Three cases of leukemia are ^ ^ 

)cm examination. Chrome myelogenous leukemia 
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miavcrcthej types represented. An attempt was made to define t lie nature of the pigment characteristic 
of the tumor. A small quantity of preen pigment was separated which became bright green in reduction 
with sodium hydrosulphite and showed green fluorescence with ultra violet light. Evidence is presented 
from spectroscopic examination to show that the pigment resembles the reduced denatured green pigment 
globin cholchaemochromogen described by Lcml'crt, Legge and Lockwood (Biochemical Journal, 1941). 
The possible biological mechanisms present in myelogenous and monocytic leukemia which may lie re- 
sponsible for the production of this pigment arc discussed. 

R. S. E. 

Ixncrtous Mononucleosis— Complications. F. S. Hr in:. From the Department of Medicine, Faculty of 
Medicine, University of Western Ontario, and the Department of Medicine, Victoria Hospital, Lon- 
don, Ontario. Canad. M. A. J. jC: 499-501, ,947. 

In this brief review reference is made to cardiac, pulmonarv, renal, hepatic, splenic and neurological 
complications of infectious mononucleosis. Two cases arc reported in which death occurred following 
•pontaneous rupture of the spleen. Autopsy in both cases revealed that there had been sulxapsular licmor- 
r a ge, nearly complete separation of the capsule from the pulp and eventual rupture of the capsule with 
massive mtraperitoneal hemorrhage. The prinicip.il microscopic findings at autopsy were prominent ac- 
i mu ations of mononuclear cells in the liver, spleen, lvmph nodes and kidneys and small groups of cells 
e eart muscle. Nothing of note was found in the bone marrow in either ease. 

L. E. Y. 


metes Illlitus, Fibrocongestivl Splenumi oaly (Banti's Sv Nonosu:) and Inilctious Mononu- 
Th c ° SIS j ^ T’ra nockanJL. E. LieJtr. Am. J. Digest. Dis s. Nutrition, u 155-141, 1947. 
litus SOC P ur P ose this paper is to report the concurrence of "Banti's syndrome" and diabetes incl- 
"as fou J 1S a PP arent ^’ un i<5uc in the literature. The case is that of a 10 year old American man who 
r ■ R t0 * la ' C S P lcnome S al >'. pstechiae, and ccch ymoscs during investigation of an unrelated tipper 
component '^ CCtI ° n ' P- 2 h°ratory studies disclosed diabetes mcllitus and pancytopenia with a hemolytic 
Gr and ' f ^ niarr0 ' v P u naurc was considered normal. The spleen was removed; it weighed 800 
%”) Foil ° Un ^ C ° S ^°' V atro ph' c follicles, wide sinuses, and fibrosis ("fibrocongcstive splcnomcg- 
cat j n g f catur ' ln ^ °P erat i° n there was a reduction in the requirement for insulin. As an additional compli- 
• tUrc : P at ient developed infectious mononucleosis a week after operation, with subsequent 

Sa CtUrn t0 n0rma ‘ity. 

n omcga. yr em ntereSting C0 ’ nc '^ ence °P two apparently unrelated disorders. The etiology of the sple- 
> mained obscure, as it frequently does in eases of "congestive splenomegaly.” 

S. E. 

Report ^ AUSED nY Tihouracil. A Review or Fiitv-ntne Cases in tiie Literature and a 

ca ] Co|| : A “ dition - Cases. J. II. Morfoii. From the Department of Medicine, New York Medi- 




thiouracil treatment arc emphasized and a detailed summary of 59 reported cases of 


ulting from medication with this drug is presented. Treatment should consist in omis- 




agranulocytosis rest... 

for its effect' . ^ ^ a ^ m * n * strat i on of penicillin. The author also advises pyridoxine, although evidence 
eness is not completely convincing. 

J. F. R. 

Allerp ^ UE ^ R0BABLY T ° "Pyribenzamine. XV. B. Blanton and M. E. B. Owens, Jr. From 
P . vr ibcniami ne r 'i‘ Ct: ’ Me .^ Cal Col,c « c of Virginia. J. A. M. A. i }4 : 454-5, 1947. 
for its anti-allcrpj P^ ri ^ -benzol compound which has been increasingly employed in recent months 
a^ine arc unnsual^T 011011 10 ^ cver> as thma, urticaria, and similar disorders. Reactions to pyribenz- 
during a C0Ursc C P rcscnt paper reports the development of granulocytopenia ("agranulocytosis”) 
The patient trcatment with this drug, and apparently due to the drug itself. 
s °nic 150 mg of L Car woman with a chronic urticarial eruption of obscure etiology, was given 
P) r i enzamine daily with marked symptomatic relief. After 8 weeks of such treatment 
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The following letter has been received from Roger C. Crafts, Ph.D., Department 
of Anatomy, Boston University School of Medicine, Boston: 

To the Editor: 

In the March 1947 issue of Blood, Doctors E. S. Jones, K. B. McCall, C. A. Elvchjcm, and P. F. Clark 
published a paper entitled "The effect of diet on the hemoglobin, erythrocyte, and leukocyte content 
of the blood of the rhesus monkey' (Macaca Muiatta). " I would like to offer a few comments on the 
findings concerning the neutrophil-lymphocyte ratio only. 

These authors reported that the neutrophil-lymphocyte ratio could be reversed from j! {j- to !j{|- with 
vitamin B or whole liver factor deficiencies (see fig. a) and that a "normal" ratio of about ;■ -]} could be 
produced with a diet "adequately' supplemented with all the vitamins and a supply of whole liver sub- 
stance." Are these changes actually due to diet? 

In a paper published in Endocrinology in 1941,' the data obtained from a 3 month study of 3 normal 
adult female rhesus monkeys were published. These monkeys exhibited initial total white cell counts of 
15.0, 2.6.5, and 34 .6 thousand cells per cu. mm. Each of these monkeys showed a predominance of lympho- 
cytes when differential counts were made, i.e., 67.5, 67.0, and 92..0 per cent respectively. Because of the 
range in the total white cell counts and the unexpected predominance of lymphocytes, these animals 
were further studied to determine the actual normal count. Two of the monkeys showed a gradual de- 
crease in total white counts to between 10-15 thousand cells and remained at that level. The third mon- 
key, a particularly fierce animal, showed a decrease from 34.6 to thousand cells in 60 days. Because 
the animal showed no signs of becoming tame, further work on this animal was given up as hopeless. 
During the 3 month training period the neutrophil-lymphocyte ratio of the first a monkeys reversed to 
a ratio typical of the human. In other works, the neutrophil-lymphocyte ratio reversed with no treat- 
ment whatsoever. This reverse is exactly the same as reported by Jones, et al. as due to dietary defi- 
ciencies. 

As both F. P. Rous 5 and B. F. Davis and A. S. Carlson 1 * 3 reported a tremendous pouring of lymphocytes 
into the blood stream as a result of excitement and muscular exercise, the high white counts and the high 
lymphocyte level in these monkeys were attributed to the resistance these animals exhibited when being 
handled. The reverse of the neutrophil-lymphocyte ratio and the decrease in total white cell count men- 
tioned above seemingly were due to the training of the animal to the routine of blood removal during a 
period of 3 months. 

Is this reverse of the neutrophil-lymphocyte ratio due to inadequate diet or to the monkey becoming 
accustomed to being handled? The diet of the two monkeys mentioned above, to my knowledge, was not 
changed during the 3 months of observation. Jones, et al, mentioned in their discussion that many of 
their monkeys, due to excitement, exhibited a high total white cell count when first handled, but do 
not mention this excitement as a cause for the large number of circulating lymphocytes. These authors 
also tabulate the blood picture of 12. monkeys from a zoo. Four of these monkeys show the neutrophils 
predominating while 8 show the lymphocytes in great numbers. If these animals had the same diet, why 
the discrepancy? 

I do not state that Doctors Jones, McCall, Elvehjem, and Clark are in error. I simply raise the question 
as to the actual cause of the neutrophil-lymphocyte reverse during an experiment on the rhesus monkey 

1 R. C. Craits: The effect of endocrines on the formed elements of the blood. Part 2.: The effect of 

estrogens on the dog and monkey. Endocrinology ay.- 606, 1941. 

3 J. Exper. Med. 10: 537, 190S. 

3 Am. J. Physiol. 2;: 173, 1909. 
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important problem and ^ “ « in- 

see® to depend on a solution of it. h hcmatoIo S ,c " orl; on the monkey wotjlJ 


Or. C.A. Elvehjem, Department of Biochemistry, University 
Madison, replies as follows : * 


Roger C. Crafts 

of Wisconsin, 


To the Editor: 


We have read the preceding letter by Dr. Roger C. Crafts with much interest and agree that stodies 
on the actual causes of the observed changes in the neutrophil-lymphocyte ratio in the blood of monkey 
j an interesting and important hematologic problem. The possible relationship of cndncrincs to the pro- 
duction of formed elements of the blood should be given consideration. However, we believe that our 
studies have been controlled sufficiently to demonstrate that diet does have a specific effect on the neutro- 
phil-lymphocyte ratio in the blood of monkeys. 

We have used a large number of animals rather than 1 or 3 as indicated in Dr. Crafts' letter and have 
carried the animals over sufficient periods of time to eliminate the possible effect of handling. He states 
that the neutrophil-lymphocyte ratio was reversed in two of his animals with no treatment uhatjoeier. 


He docs not give the diet used and if his diet were incomplete, such a reversal would be exactly what 
one would expect when the animals were kept on the diet for several months. We know from experience 
that different monkeys develop a deficiency in varying periods of rime and this would explain why 4 nf 
the animals which we kept at the zoo showed a reversal while 8 of the monkeys did not. The diet which 
the animals received at the zoo probably did not supply adequate amounts of the monkey anti-anemii 
factor and during the period at the zoo 4 of the animals developed a deficiency. 

The best evidence for the nutritional effect is based on the fact that specific reversals have been obtained 
in a large number of animals and these reversals have been corrected upon administration of liter and 
milk. The early observations have been reported by J. M. Cooperman, H. A. Waisman, K. B. McCall, 
and C. A. Elvehjem 1 and specific effects of milk have been described by J. M. Cooperman, W. R. Ruegamet 
and C. A. Elvehjem . 5 Therefore, under controlled conditions 3 syndrome has been produced on 1 different 
diets and corrected by the addition of z. different food materials. I doubt that better evidence can he pre- 
sented for the nutritional effect although it is entirely possible that the mechanism of the nutritional 
effect may be related to the endocrines. 

C.A. Elvehjem, M.D. 


The following letter is from Dr. Edwin E. Osgood, University of Oregon Mol.cn 
School, Portland, to Dr. A. S. Giordano, Secretary-Treasurer Amencan Society of 
Clinical Pathologists, 531 North Main Street, South Bend, Indiana. 

Dear Doctor Giordano: , the orestnt confusion in the 

The purpose of this letter is to offer suggestions a.med toward clarify mg t P ^ ^ ^ ^ 

terms used for the cells and diseases of the blood and ba I m arraw Irom one lab> 

at present that it is difficult to interpret a differentia ce c0 “ p-rsonally visiting the labo- 

ratory or even from different technicians of the same labors * ’ '. Sfon inuse there 
ratory and learning of the criteria of cell identification 1 an ' ^ but the sam: names hr-: 

Not only have many different names been used fort c one CC H of the granulocyte series M 

been used for entirely different cells and diseases. As « . ex : J 1 • would becalled a neutrophil 

No. 76 in Osgood and Ashworth's Atlas) tfobse rved m different • 


* J. Nutrition ye: 45, 1945- 
5 Proc. Soc. Exp. Biol. & Med. te: tot, 1946. 
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staff cell, neutrophil rod cell, neutrophil stabkernige, neutrophil band cell, neutrophil stab cell, non- 
segmented neutrophil, nonfilamented neutrophil, neutrophil class I, neutrophil juvenile, neutrophil meta- 
myelocyte, polymorphonuclear neutrophil, or neutrophil rhabdocvtc, while the terms metamyelocyte 
(metagranulocyte) and polymorphonuclear as used elsewhere would not even include this cell. As an 
example of the confusion in the terminology of disease, the same patient with leukemia might be clas- 
sified in different clinics as having subacute leukopenic myelogenous leukemia, acute aleukemic myeloid 
leukemia, stem cell leukemia, myeloblastic leukemia, subacute aleukemic myelocytic leukemia, acute 
myelosis, acute leukemia, subacute subleukemic granulocytic leukemia, or misclassiftcd as acute lymph- 
oid, lymphogenous or lymphocytic leukemia. The confusion is not in the cell or disease. All or nearly 
all the different observers would have a clear idea of the proper place of the cell and probable course of 
the disease. While most of the terms are probably correctly interpreted by hematologists who arc familiar 
with the publications of the person using the term and who may have visited his laboratory or clinic 
and seen his particular criteria of cell identification and disease classification, the average general practi- 
tioner, clinical pathologist, or even internist cannot be expected to have this degree of familiarity with 
the criteria used elsewhere and often is unfamiliar with the criteria used in the various laboratories and 
clinics even in his own city. The basis for the confusion appears to be that terminology has gradually 
developed with each author suggesting his own terms and many failing to clearly illustrate and describe 
sharp lines of demarcation that are easily recognized by others. 

An attempt was made by the writer to solve the problem by publishing in the "Atlas of Hematology” 
by Osgood and Ashworth tables of cell nomenclature and identification and illustrations of both typical, 
atypical and borderline cells of each series with the criteria of identification and differentiation from 
other cells beside them, giving clear-cut criteria for the borderline cells and tables of criteria for dif- 
ferentiation of diseases of the blood and blood-forming organs. Some of these tables and criteria were 
also published in Osgood's "Textbook of Laboratory Diagnosis,” third edition. This attempt has been a 
failure as indicated by the infrequent use of these terms outside of the Northwest and the fact that these 
terms have not been adopted by any major publication or clinical group. When the attempt was made, 
it was made with the one objective of clarifying a confused subject. The writerholds no brief for the terms 
he suggested but does feel that the time is ripe for clarification by a competent committee. 

I suggest that a committee be appointed to meet during the week before the meeting of the American 
Society of Clinical Pathologists in Chicago, October 18-30, 1947, to make recommendations to that body 
as to the preferred name and the criteria of differentiation for the cells and diseases of the blood and 
blood-forming organs. It is suggested that the membership of the committee include representatives from 
the group of clinical hematologists known as the Hematology Club, the International Society of Hema- 
tology, the American Society of Clinical Pathologists, interested groups in Canada and Great Britain, 
and at least one member or consultant who is a lexicographer well versed in Latin and Greek. Recom- 
mendations should include specific criteria for distinction between borderline cells and diseases and in- 
clude a corresponding classification for both the Romanovsky and supravital techniques. Later or in 
conjunction with this meeting, a similar committee could meet for each country or group of countries 
constituting one language group to determine the comparable preferred names in that language. 

I would further suggest that, as a guide for this committee and to provide the committee with the 
opinions of all interested persons, a copy of this letter be published in the correspondence section of the 
Journal of the American Medical Association, the Journal of Laboratory ami Clinical Medicine, Blood, The Journal 
of Hematology, and the American Journal of Clinical Pathology, and that in the latter two journals there be 
included tear-out pages or folded inserts similar to that illustrated below for recording the usage and 
preference of all interested persons. This data should give the committee a clear conception of the degree 
of present confusion and also of the preferences of those who are actually using the terms. The recom- 
mendations of the committee could then be presented to the American Society of Clinical Pathologists 
3t >ts fall meeting for acceptance or rejection and an approved plan could be presented to the other in- 
terested groups at their next meetings. They would still stand merely as recommendations, there being 
nothing compulsory about the use of the suggested terms, but they might serve as a guide to editors, 
authors and clinicians and directors of clinical laboratories and in time might become generally accepted 
terms, which would greatly simplify the task of reading hematologic literature with understanding and 

II comprehension of the meaning of the author and lead to greater accuracy in the interpretation of 
at to day laboratory reports. 

The major objection which might be raised is that standardization tends to halt progress. That is 
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true, and it is certain that the terms should be revised by committee action every 5 or ,o vc.trs and that 
new terms may need to be added and old ones deleted from time to time. It is equally certain that not all 
persons will at first accept the recommendations of the committee, but it seems worthwhile to s~ if 
is not now a sufficient area of agreement to permit a real clarification in the criteria for cell idcntifratbn 
and disease classification in the field of hematology as has been done by the American Heart A«o;utim 
for cardiovascular disease and the American Rheumatism Association for arthritis. Then the disease ter- 
minology recommended could be incorporated in the next edition of the Srandard Classified Nomenclature 
of Disease. 

Copies of this letter are being sent to Stanley P. Reimann, President of the American Society of Clinical 
Pathologists, Joseph M. Hill of the International Society of Hematology, William Damcshck, Editor of 
Blood, The Journal of Hematology, and a representative member of the informal Hematologc Club formed 
at the last meeting of the American Society of Clinical Investigation, Morris Fishbein, Editor of the 
A. M. A. publications, S. E. Gould, Editor of the American Journal of Clinical Pathology, Carl Moor-, 
Editor of the Journal of Laboratory and Clinical Medicine, H. E. MacDermot, Editor of the Canadian Milica! 
Association Journal, and T. F. Fox, Editor of Lancet. 

Very truly yours, 

Edwin E. Osgood, M.D. 


Condensed example of blank to be used for the information of the committee appointed to make recom- 
mendations as to nomenclature of cells and diseases of blood and blood-forming organs. 

If you are in charge of a clinical laboratory or an internist interested in clinical hematology, you arc 
requested to fill out, sign, and mail before October i, 1347, the blanks below to A. S. Giordano, Secretary- 
Treasurer, American Society of Clinical Pathologists, 531 North Main Street, South Bend, Indiana. 

The numbers refer to the cells in Osgood-Ashworth, "Atlas of Hematology,” but if you prefer, num- 
bers of cells in any other standard atlas or journal may be substituted if the reference is given and Want, 
arc provided for inclusion of ocher cell cypes. 

&I , No . Name no*- mod Kama frtfcrrel .f 

I. _ ~ 

1 . 

3. 

4. 


316. 


. o« if «.is H= “' 

tology." Insert number in blank if other reference is used and g.w -l.rence. 

For Diseases 

listed. 

congenital anemia; erythtolcukoblastosis 


be sure to include exact criteria 
confused. 
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Under the sponsorship of Dr. Alexander S. Wiener of Brooklyn, New fork, a 
meeting was held in Atlantic City on June 8, 1947 f° r the purpose of forming an 
American Society for the Study of the Blood, About 2.5 physicians attended. After 
much discussion it was decided by those present to support an informal Hematol- 
ogy Club (Blood, 2: 404, 1947) to meet just prior to the annual May meetings of 
the Society for Clinical Investigation and the Association of American Physicians. 
It was felt that this Hematology Club which was sponsored by internists with 
relatively broad interests, was to be preferred to an organization comprising a 
rather narrow group of specialists having transfusions and blood groups as their 
chief interest. It was conceivable that from the former group might evolve at some 
later date a full-fledged national organization. It was also the consensus that full 
support should be given to the newly formed International Society of Hematology, 
which had much to offer in fostering international relationships and which would 
hold biennial meetings in different countries. Motions by Dr. Wiener to form, (1) 
anew American Society for the Study of the Blood, and (2.) an American Society 
for the Study of Blood Groups and Transfusions were defeated. 


Joseph M. Hill, director of the William Buchanan Blood Center, Baylor Univer- 
sity, Dallas, Texas, and professor of clinical pathology at Southwestern Medical 
College, received the first Marchman Award for notable research in medicine at the 
annual dinner of the Dallas Southern Clinical Society, January zi. Dr. Hill won the 
award for his recent investigations of the Rh factor. 

Dr. Cecil J. Watson of Minneapolis has been elected recorder of The Association 
of American Physicians at their 60th annual meeting in Atlantic City on May 7th. 

The Swiss Hematologic Society was founded on November 17, 1946. Professor 
Alder of Aarau was elected the first president. The Society was founded as one of 
the subsections of the Swiss Society for Internal Medicine. 


As we wish the 1947 Index of Blood to include the Special Rh Issue (immedi- 
ately following the present issue), the Index will appear in February 1948 instead 
of the current issue, as previously planned. 

Errata 

The following information has been received from Dr. Solomon Estren. On page 
9U volume II, Blood (January 1947) in the article, "Congenital hypoplastic anemia 
associated with multiple developmental defects (Fanconi syndrome),’’ by Estren, 
Suess, and Dameshek, the second paragraph on the page concludes with the state- 
ment: Death here also occurred three years later.” This should have read: "This 
patient is living and well seven years after the operation (personal communica- 
tlon > Dr. J. V. Dacie 5 ).” 

A communication from Dr. J. H. Whitlock (The use of photo-electric turbidom- 
ctr > in the determination of red cell counts, hematocrits, and hemoglobin. Blood 
''' “* 6 3» September 1947) states that he has the D.V.M. and M.S., but not the Ph.D. 
as used erroneously after his name on the title page of the article. 
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Th!5 is the first monograph devoted entirely to splenic puncture and represents a dcscnmion of th- 

S CXper,C " CC ' V ' th th,s techmc ,n iSq cascs observed at the University Clinic at Zurich during th- 
seven year period between i»yx W j. The book is beautifully printed on excellent paper and conin', 
many photomicrographs as well as two plates in full color. 

The book deals largely with the technic, indications and results of splenic puncture in hsnutoUic 
cases, particularly those with splenomegaly. The author points out in his introduction that puncture 
should be undertaken only in well-defined splenomegaly and is contraindicated in the presence of a 
hemorrhagic disorder and in septic splenomegaly as well as in cases with painful spleens. A fine stilettcj 
needle is introduced in the ninth or tenth interspace over the point of maximum splenic dullness during 
inspiration and a small amount of material aspirated. This is then smeared and stained. Excellent de- 
scriptions of the normal cellular morphology are presented, then followed by minor variations, and 
finally by the findings in various disease conditions. The diagnostic value of the splenogram in certain 
hematologic problems is presented in a series of cases. 

The author concludes that the method is without danger in properly selected cases. In the spleno- 
megaly of cirrhosis of the liver and splenic vein thrombosis, the splenogram is practically normal, and 
only minor deviations from the normal are present in hemolytic anemia. Septic splenomegaly is easily 
differentiated from leukemia. In infectious mononucleosis, there is a great overactivity of the teticulo- 
endothelial and lymphoid cells. In Hodgkin's disease the puncture has particular diagnostic merit, 
especially in those cases in which a lymph node is not available for biopsy. Chronic myelogenous leuke- 
mia was extensively studied both before and after treatment with x-rays, arsenic and urethane. Particular 
attention was paid to mitotic figures, which appear to be selectively affected by urethane. 

There can be little doubt that splenic puncture, as practised by the author, is of distinct value, es- 
pecially as an adjuvant to other hematologic studies, more particularly the blood and th: marrow 
puncture 

it will occasionally 
ground of useful knowledge 
certain disease processes. 

Sterna! puncture has yielded invaluable information regarding what goes on behind th. N si 
picture It is not inconceivable that splenic puncture may point to features of tmp.irtancc m urt.rr- 
standing the mechanisms of the hyptcsplemc states including splenic neutropenia, thtombix-ttorem . 
anemia and pancytopenia. Although the author barely touches upon these su 
he has performed a highly creditable piece of work in documenting his expene 
bibliography and a good index complete the book. 
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HEMOPOIESIS IN RIBOFLAVIN-DEFICIENT RATS 

By K. M. Endicott, M.D., Arthur Kornberg, M.D., AND 
Maurine Ott, A.B. 

I N THIS laboratory, experimental granulocytopenia and anemia in rats have Ntn 
produced by a number of dietary deficiencies, including "folic acid" (ptcrot }- 
glutamic acid) deficiency, 1 - 2 riboflavin deficiency , 3 pantothenic acid deficiency ' 
and deficiency of essential .amino acids . 5 A detailed study of the hemopoietic tissues 
in folic acid deficiency and their response to folic acid therapy has been reported . 1 
The present study is a comparison of hemopoietic tissues in the granulocytopenia 
and anemia of riboflavin deficiency with the hemopoietic tissues in folic acid de- 
ficiency, including the response of these tissues to vitamin therapy. 

In the studies of Kornberg, Daft, and Sebrell, 3 rats fed a diet deficient in rihofh- 
vin developed granulocytopenia in about 50 per cent of the cases anJ, less fre- 
quently, anemia. The granulocytopenia responded to treatment with folic acid 
in 30 or 33 rats but responded to riboflavin therapy in only 6 of iS rats. Ribo- 
flavin alleviated the anemia in 10 of 17 rats while folic acid failed to do so in all of 
7 rats. In the present study, therefore, rats having granulocytopenia were created 
with folic acid while rats having both granulocytopenia and anemia were treated 
with riboflavin. 

The experimental conditions with few exceptions have been similar to thme of 
the previous study of hemopoiesis in folic acid deficiency 5 so as to permit accurate 
comparison of hemopoiesis in the two deficiencies. Both studies were carricJ out by 
a quantitative method in which an index of the total quantity of each type of cell 
in the bone marrow is obtained. This is accomplished by determining the average 
cellularity of the marrow and the differential count of marrow cells. The average 
per cent of cellularity is multiplied by the per cent in the differential to arrive at a 
quantitative index of the tocal amount of each type of marrow cell. 


experimental methods 

At weaning, albino rats of both sexes of Osborne and Mendel strain ncrcfcJ 
purified diet number 950 3 ad libitum. This consisted of leached, alcohol-cxtratfe^ 
casein (18 per cent), dextrose (68.76 per cent), hydrogenated vegetable 01 ,* F' 
cent), salt mixture (4 per cent), CuSO.-yHoO (c.oS per cent), and crncuirn 
(1.16 per cent). To each 100 grams of this diet were added thiamine } to- 1 < 

(1 mg.), pyridoxine hydrochloride (1 mg.), calcium pantothenate tng.J, m 
tinamide (2. mg.), z-methyl-i ,4-naphthoquinone (vitamin K) di acetate 
biotin (o.oox mg.), and choline chloride (zoo mg.) dissolve, in . 
cent ethanol. Twice weekly each rac received o.z 5 cc. of com o 
units of vitamin A and zoo units of vitamin D, and once oec • > . ^ 

opherol in 0.03 cc. of ethyl lauratc. The study extended over a p-ri 

From rhe Pathology Laboratory (K. M. Endicott and Maurine Oct) tai tb- Dl 
(Arthur Kornberg), National Institute of Health. 
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Eight rats from two or more litters were placed on the experimental regimen each 
week. Within the first week the following determinations were carried out on 
each rat using freely flowing tail blood : hemoglobin (Evelyn photoelectric colorim- 
eter), hematocrit (van Allen), erythrocyte count (in duplicate, diluting in Tren- 
ner pipets), leukocyte count (in duplicate, Trenner pipets), differential leukocyte 
count (2.00 cells), and reticulocyte count (with the Miller disk*). 

The rats were observed daily and the leukocyte and differential counts and the 
hematocrit determinations were repeated when any of the following signs were 
noted : facial porphyrin stains, pallor, loss of hair, dermatitis, general weakness, and 
loss of weight. When these check counts indicated that the rats were suitable for 
special hematologic study, complete blood determinations, as above, were repeated 
and the rat was studied under one of the following experiments: 

(a) In order to study the hemopoietic tissues of rats with severe granulocyto-, 
penia, iz rats were killed when their polymorphonuclear counts fell below 150 
per cubic millimeter. 

(b) A corresponding group of zi rats with similar or more severe granulocyto- 
penia were given daily oral doses of 15 micrograms of crystalline folic acidffor 
periods of 4 days (8 rats), 8 days (6 rats), and iz days (7 rats). In each case complete 
blood determinations were carried out at the end of the treatment period and the 
tats were killed for detailed studies of hemopoietic tissues. 

(c) Another series of n rats with both granulocytopenia and anemia (hemato- 
crit below 30 vol. per cent) were studied without treatment for comparison with 
the series (a) rats showing granulocytopenia alone. 

(d) A group of 4 rats with hematocrit values below 30 vol. per cent were treated 
for 10 days with daily oral doses of 100 micrograms of riboflavin and were killed 
and examined for the purpose of noting the effect of this therapy on the hemo- 
poietic tissues. 

(c) For the purpose of studying the evolution of the dyscrasias rats were selected 
according to the following criteria: (1) The blood picture must have been normal 
at the beginning of the experiment. ( z ) A period of at least 1 month on diet number 
99 ° must have elapsed. (3) A steady downward trend of the granulocyte count 
must have been shown. (4) There must have been no anemia at any time. Thus this 
series comprised 7 rats with polymorphonuclear counts over 1000 per cubic milli- 
meter, 4 rats with counts between 500 and 1000, 5 rats with counts between 150 
and 500, and 12. rats with counts of less than iso polymorphonuclears per cubic 
millimeter. 

In all experiments the blood of each rat was examined on the day of death. Rats 
"ere killed with illuminating (mixed natural and coal) gas. Giemsa-stained smears 
marrow from the left femur were prepared by the plasma diluting method,' 


Microscope ocular disk designed by Dr. John \V. Miller, manufactured by Bausch and Lomb 
pual Company. The disk is ruled with one square (7X7 mm.) containing a smaller square in one 


c °tncr hav 


• ing one ninth the area of the larger square. For each of 50 fields the erythrocytes in the smaller 
arc and tlic reticulocytes in the larger square arc counted. Reticulocytes -t- 9 X erythrocytes = 
< reticulocytes. 

* Furnished hv courtesy of Dr. E. L. R. Stokstad and B. L. Hutchings, Lcderle Laboratories, Inc. 
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and 5 oo to 1000 cells were classified. The submaxillary and posterior cervical Ivirv'- 
nodes thymus, and spleen were dissected clean, weighed in the wet state and' lit- ! 
m buffered 4 per cent aqueous formaldehyde for histologic study. Heart Iunr? 
liver, pancreas, adrenal glands, kidneys, right femur, and the thoracic portion r‘ 
the spinal column were fixed similarly. The femur and spinal column were d-cal- 
cified in 5 per cent formic acid. All these tissues were embedded in paraffin, 
tioned, and stained with hemalum-azure-eosinate and with iron hematoxylin- 
picrofuchsin. 

The sections of femur and spinal column were studied to determine the propor- 
tion of active marrow by a method described in detail in a previous report. 1 In 
brief, this consists of preparing 5 " x 7" photomicrographs of the marrow portion of 
the midshaft, distal metaphysis, distal epiphysis of the femur and of the body of a 
thoracic vertebra under standard photographic conditions at a magnification of ip 
diameters. These photomicrographs are analyzed to determine the areas occupied 
by active marrow, fat, vasa, and bone trabeculae. The proportion of active marrow 
is determined in each photomicrograph by the formula 


„ . Area occupied by active marrow 

Proportion of active marrow = - — 

Available marrow space 

The average of the four areas was determined and this was multiplied by the per- 
cent of each type of cell in the marrow smear to give an index of the total quantity 
of each type of cell. Some such quantitation is essential in making accurate compari- 
sons of hemopoiesis, particularly where marked hypoplasia or hyperplasia is ac- 
companied by r marked changes in the marrow differential. 


RESULTS 


In the tables the results of the various studies are presented as mean values vith 

standard deviations ^S. D. = P^ asc C ^ C r ‘^ 3 ^ a '‘ n 

ficiency study will be dealt with separately' and will be correlated with the co.n 
sponding phase of the previous folic acid deficiency study. 

Hemopoiesis in Granulocytopenia 

The hemograms, myelograms, and organ weights in 12. rats with marker ri. 
flavin deficiency granulocytopenia (less then 150 neutrophils/cu. mm.y arc s 
in .able Graphic comparison of these ra.s svirh .5 tars shpnf 

picture as a result of folic acid deficiency is made in fipure 1. In hurl. Jef, 

the Endings were essentially the same. bv 

The marrow was hypocellular, active marrow being . g P „ 
blood channels and edema fluid. Granulocytes of a ] and 

in every rat. The average indexes of erythroid cells, bla , cuIo ^ n Jothrlra! 
were decreased. Slight to marked increases of plasma cells and ret.culo 

cells were observed. , of sp i cn ic hemopoie'h a:-' 1 '-:.- 

Atrophy of the lymphoid apparatus and absence ot sp 

paaied the changes in the blood and bone marrow. 
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HEMOPOIESIS IN RIBOFLAVIN-DEFICIENT RATS 


Bacterial infections both localized and widespread were common and presum- 
able may be attributed to the granulocytopenia and lowered resistance. 

Effect of Folic Acid on Hemopoiesis in Granulocytopenic Rats 

The detailed findings in riboflavin deficiency granulocytopenia after 4, 8, and 
iz days’ therapy with daily oral 15 microgram doses of crystalline folic acid are 
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Shown in table 1. Graphic comparison of riboflavin-deficient rats and fo 
deficient rats is presented in figure 1 . stored the circulating 

In both deficiencies, folic acid therapy 0 4 > f the bone marrow jJ” 
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HEMOPOIESIS IN RIBOFLAVIN-DEFICIENT eats 


”:;. is lcss rapw - ■* « c 
«■*,«« ->■ rTrrjs: %z* ,ic t/J °° 

12. days of folic acid treatment thrrr ,„„ c . ™ acid-deficient rats. After 
might he decreasing to a subnormal level ^ S “ ggCStl0n thac gwnulocytopoicsis 

SraSSiEKsasassssi 


NORMAL DEVELOPING FOLIC ACID 
deficiency' 


A - CIRCULATING PMN OVER 
1000/ CU. MM. 
a - PMN S00- (000 /CU.MM. 
C - PMN 100 - 500/ CU. MM. 

0 - PMN LESS THAN 

100 /CU. MM. 




DE VELOPING riboflavin 
deficiency 


A - PMN OVER 1000/CU. MM. 

8 - PMN 500 -1000/CU. MM. 

C - PMN 150 - 500/ CU. MM. 

D — PMN LESS THAN 150/CU.MM. 



' SEGMENTERS A 
METAMYELOCYTES 


MYELOCYTES & 
PREMYELOCYTES 


EOSINOPHILS 


Fig. l, Graphic Comparison op Myelopoicsis in Folic Acid and Riboflavin Deficiency 

Lymphoid structures showed some regeneration in the treated group of ribo- 
flavin-deficient rats. No comparison can be made since lymph nodes and thytnus 
were examined in only a few rats in the study on folic acid deficiency. 

Hemopoiesis in Developing Granulocytopenia 

Detailed findings arc shown in table z and comparative graphs of developing 
granulocytopenia are shown in figure z. In both deficiencies there was progressive 
depletion of cells of the granulocytopoietic series in the marrow. The closely para 
lcl nature of these changes in the two deficiencies is evident in the chart, c mye 
loid depletion appeared while the number of circulating granulocytes was so 
within the normal range. With increasing granulocytopenia in hot e cten 
the total myeloid index fell from a normal average of 43 .0 to an average 
5 in rats whose circulating neutrophils numbered less than 150 per cub.c mdhmeter 



K. M. ENDICOTT, A. KORNBERG AND M. OTT 


171 

Ic is evident that the depletion of the bone marrow was largely restricted to the 
granulocytic series, although some erythroid depletion occurred in the advanced 
stages of the granulocytopenia. 


Table 3. — Uemtyams and M.)cIograms in Experimental Riboflavin Deficient ) Ganulocjtopnia and 
Anemia bejore and after Treatment with Ribo flavin 
([Means and Standard Deviations) 



11 Rats untreated 

i 4 Rats (blood picture 
j before treatment) 

4 Rats after 10 days’ 

, riboflavin therap3’ 

Peripheral blood 


1 


Hemoglobin Gm./ioo cc 

6.0 ± 2.. 1 

: 7-3 Azz.i 

9-3 ± 4 -° 

Hematocrit 

ii .0 ± 6.8 

1 16.7 ±3.7 

31.8 ± 13.4 

Erythrocytes/cu. mm. in millions 

3. 15 ± 1.02. 

1 3 . 61 rb x.06 

3.66 ± 1.07 

Leukocytes/cu. mm 

i, 62.0 ± 1 . 959 

1 7, 500 ± 1.901 

4,600 ± 1,361 

Neutrophils/cu. mm 

IIO± 104 

1 735 ± 1. 01c 

805 ± 705 

Eosinophils/cu. mm 

0 ± 0 

30 ± 58 

15 ± 11 



;i had 115, otherS( 

1 _ : 

Lymphocytcs/’cu. mm 

1,310 ± 1,568 

I 

! 6,735 — 1 >939 

3,745 ± I -°45 

Nucleated erythrocytes per cu. mm 

810 ± 734 

i 1,360 ±1,161 

1 , 195 ± 1,019 

Reticulocytes % 

6.5 ± 5.9 

7.1 ± 4 - 1 

41.7 ± 37-9 

Proportion of active marrow 

.615 ± .1C1 


.871 ± .069 

Index of total quantity of marrow* 


■ 


Neutrophilic segmented forms & meta- 


l 


myelocytes (Index) 

1.8 ± 1.7 


11.4 ± 13-3 

Neutrophilic myelocytes & premyelo- 




evtes (Index) 

3.3 ± 1.9 


6.6 ± 1.6 

Eosinophilic granulocytes of all types 


| 


(Index). . 

0.7 ± 0.6 

1 

1.6 ± 1.1 

Total myeloid cells (Index) 

6.8 ± 4.8 

! 

11.7 ± 17.5 

Erythroid cells of all types (Index). . . 

40.1 ± 17.4 


54-7 ± i 3-9 

Myeloid/ erythroid ratio. .. . . .. 

0. 10 ± 0. 13 


0-49 ± 0.62. 

blast cells of all types (Index) 

i.6± 1.0 

1 

z.o ± 0.61 

Lymphocytes of all types (Index). 

8.9 ± 3.1 

! 

4.4 ± I.C 

Miscellaneous ccllsf (Index) 

4.8 ± 1.7 

i 

5.3 ± 1.1 

body weight, Gm. 

46 ± 1 1. 3 

1 

Si ± 6.9 

Organ weights, mg. 


1 ! 
1 


Thymus. 

17 ± 9-3 

j 

7S ± 44.8 

Spleen . 

181 ± 94.7 

! 

OO 

O 

H- 

-U 

CO 

VM 

V-G 

Ejmph nodes, submaxillary and pos- 


i 


tcrior cervical 

83 ± 51-7 

i 

133 ± 54-4 


* q , 

^ce the text for the method of determining the index. 

Rcdculo-cndothelial cells, plasma cells, mast cells, megakaryocytes, and unidentified cells. 


The average weights of lymphoid structures were low even in those animals with 
morc than 1000 neutrophils per cubic millimeter. This might be expected in view 
°f the fact that the rats were uniformly lymphocytopenic. Histologically the lymph 
nodes were often devoid of germinal centers or these structures were very small, 
showed few mitotic figures, and were without collars of small lymphocjtes. 
h} muses were atrophic or showed acute pyknotic involution in all but 2. rats. 
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These were in the group having over 1000 neutrophils/cu. mm. Changes in lymph- 
oid structures appear to be unrelated to the level of circulating neutrophils. 

Hemopoiesis in Combined Granulocytopenia and Anemia 

Hemograms and myelograms of riboflavin-deficient rats showing granulocyto- 
penia (less than 150 neutrophils/cu. mm.) and anemia (hematocrit less than 30vol. 
per cent) arc shown in table 3. The bone marrow in such rats showed depletion of 
the granulocytic scries but the erythrocytic series was actually increased and in 

FOLIC ACID DEFICIENCY RIBOFLAVIN DEFICIENCY 


□rbcOhgb.0ht. 
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emphasize the fact that these rats were only slightly granulocytopenic and therefore 
the myelogram cannot be compared to that of untreated rats which were both ane- 
mic and granulocytopenic. The response as measured in the blood appears to be 
quite definite with some elevation of hemoglobin, hematocrit, and erythrocyte and 
reticulocyte counts. The degree of lymphocytopenia, however, increased under 
riboflavin therapy while the granulocyte level remained essentially the same. In the 
marrow there was marked erythroid hyperplasia. Active splenic hemopoiesis, large 
active lymphoid follicles in spleen and lymph nodes, and histologically normal 
noninvoluted thymus were noted in all 4 rats. Unfortunately the very low incidence 
of anemia in our experiments prevented our securing data on sufficient numbers of 
rats. Additional anemic rats are being studied as they become available and are being 
treated with riboflavin, with folic acid, and with both. 

COMMENT 

Riboflavin deficiency under the conditions of our experiments produced granulo- 
cytopenia and myeloid hypoplasia which was indistinguishable from the granulo- 
cytopenia and myeloid hypoplasia of folic acid deficiency. The hematopoietic response 
of these riboflavin-deficient rats to folic acid therapy was prompt and quite marked. 
This situation is somewhat paradoxical. The diet is adequate if riboflavin is added, 
and yet when riboflavin is withheld signs and symptoms of folic acid deficiency 
appear which respond to folic acid therapy. It seems likely that riboflavin defi- 
ciency produces this effect by reducing the food intake with resultant protein 
deficiency. The intimate relationship of protein deficiency and folic acid deficiency 
has been demonstrated 5 but the underlying physiology remains to be explained. 

With respect to the granulocytopenia which accompanies riboflavin deficiency, 
it seems reasonable to state that the feeding of a highly purified diet deficient in 
riboflavin has produced a folic acid deficiency. With respect to the anemia which is 
seen less frequently than, but usually associated with, granulocytopenia, the 
explanation is much more obscure. In primary folic acid deficiency' we found that 
the bone marrow showed depletion of the erythroid series in granulocytopenic rats 
"hether anemia was present or not. One would expect, therefore, that in folic acid 
deficiency caused by riboflavin deficiency the same situation would obtain. This 
was not found to be the case. In rats with granulocytopenia but without anemia 
there was depletion of erythroid cells in the marrow. In rats with granulocytopenia 
a nd anemia there was an absolute increase of erythroid cells in the marrow. Further- 
m °rc, preliminary experiments have shown that folic acid therapy' is without effect 
u P°n the anemia but that riboflavin therapy is effective. Although further work is 
necessary before one can be certain it appears that the anemia is a direct result of 
riboflavin deficiency. 

In other species of animals riboflavin deficiency has produced anemia. Spector 
co ‘ wor kers 9 found anemia in dogs maintained on riboflavin-deficient diets. 
'Htrobc and co-workers 10 have reported anemia in riboflavin-deficient swine, 
'hile Waisman 11 found leukopenia and anemia in riboflavin-deficient monkey's. 
lc monkeys continued to eat well even in advanced deficiency so that protein 
nan 'tion does not appear to have been a factor. 
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SUMMARY 


Uukopcmn, granulocytopenia, and, occasionally, anemia develop in rats fed 
purified diet deficient in riboflavin. Folic acid (I. factor) corrects the iLk 
pema and granulocytopenia. Riboflavin will prevent all the dvserasias but wi 
correct only the anemia. 


The bone narrow in granulocytopenic rats is hypoplastic and is almost con 
plctely depleted of cells of the granulocytic series. Cells of the emhroid series at 
decreased in number. The myelogram of rats made folic acid deficient by the inch 
sion of sulfasu.vidinc in a purified diet resembles this picture and in both cases th 
response of the marrow and the blood to folic acid therapy is similar. 

The bone marrow in riboflavin-deficient rats having both granulocytopenia an. 
anemia is depleted of granulocytic cells but shows an emhroid hyperplasia. Thi 
myelogram differs from that seen in sulfasuxidine-induced folic acid deficienc 
anemia and granulocytopenia in which there is emhroid hypoplasia. The nvi 
anemias differ further in that the folic acid deficiency anemia responds to folic aci, 
therapy whereas the riboflavin deficiency anemia responds to riboflavin therap 
but not to folic acid therapy. 
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THE HEMATOLOGIC RESPONSE IN DOGS TO THE ADMINISTRATION 

OF ANTI SPLEEN SERUM 


By John B. Miale, M.D. 

S INCE the early days of medicine, when each organ had its real or fancied attri- 
butes, the idea of restoring function to a deranged part by the administration of 
tissue from a normal organ has seemed attractive. However little the effort then 
availed, the principle has in recent years given organotherapy many important 
agents such as insulin and liver extract. 

With the development of the science of immunology it seemed only natural that, 
instead of using organs per se, attempts be made to produce an antiserum to each. 
Certainly if such a preparation had any effect, either stimulant or depressant, there 
would be opened up a new field of almost unlimited possibilities. 

The problem was defined by Metchnikoff, 34 who called such antisera "cytotoxic” 
in the belief that their effect on the cells of the body was a toxic one. He injected 
splenic tissue into animals in an attempt to make an antispleen serum, but soon 
abandoned this work, primarily because of the difficulties in determining what, if 
any, titer of antiserum he was working with. Funck, 19 Flexner, 18 and Bunting 10 
used other tissues, such as lymph nodes and bone marrow, as antigens with indiffer- 
ent results. More recently, in 1936, Chew, Stephens, and Lawrence 13 reported that 
an antileukocytic serum produced in some guinea pigs an almost complete reduction 
in the number of neutrophil leukocytes in the peripheral blood. Earlier work by 
Ledingham and Bedson, 24 Bedson, 1 Lindstrom, 26 Okita, 35 and Matsuno 29 had given 
essentially similar results. Although this effect was striking, a satisfactory technic 
f°r titrating the antisera was still not available. 

The present study was stimulated by the recently reported Russian work in which 
a ncw technic for the titration of "cytotoxic" serum was used. Marchuk, ~ 7 ' 
Bogomolets and his colleagues have named this serum anti-reticular cytotoxic 
serum. The claims made for its therapeutic application are many. 2-9 ' u - 12 ' 14,11- 
23 ' 25 ' 30 - 33 ' 36 ' 37 '. Although they are yet to be confirmed, and the mode of 
action elucidated, the standardization of a method of preparation of antisera and 
for their titration offers renewed hope that fundamental problems of hematology 
and allied fields can be attacked with fvfys new tool. 

U 

MATERIALS And methods 
I. Experimeiirk! Animals 

Do 8 3 and rabbits were used for this study. The animals were kept in individual 
jp. t ^ lc temperature and humidity in the animal quarters controlled at all times. 
lcn flr st obtained, all animals were kept in "isolation quarters for a period of 
0 " ceks and observed for infection. Healthy animals were then moved to the 

, 01 department of Pathology, the University of North Carolina, Chapel Hill, and the Labora- 

"■« of w atts Hospital, Durham, N. C. 

,S " 0r k has been supported by the University-Watts Hospital Research Fund. 
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HEMATOLOGIC RESPONSE IN DOGS 


JiLiin quarters, placed on a standard diet, and again observed for several weeks 
During this time those animals were chosenforthe experiment which ate the diet 
well, maintained body weight, and exhibited good vitality. During the period of 
observation, these animals were free from any known infection, and remained so 
during the experiment. 

Dogs .— Male hounds i-x years of age and weighing 5-10 Kg. were selected. The 
standard diet was Purina Dog Chow. Water was given ad lib. 


Tam.!; i. Th Effect of Dosage ami Ror/te of Administration of Antigen on Titer of Antiserum ObtJincd-Rjhht! 

Anti- Dog-Spleen Serum 


Kalriut 

Wfirfit 

(Kt.) 

Antisen 

Rome 

Dosage—Gm. of Tissue Equivalents 

Titer of 
Antiserum 
Obtained 

14 Days 
after Last 
Injection 


z..So 

Spleen 

Intraperironea! 

Day 1 — o . i 

Dav 6 — 0.1 

Day it — 0.5 

Day 16— 0.4 

Day 11 — 0.6 

Dlfo 

44 *io 

j • * 3 

Spleen 

Intravenous 

Day 1—0.01 

Day 6—o.oi 

Day 11—0.04 

Day 16—3.04 

Dav 11 — 0.0S 
' 

1:643 

•H-" 

3- -4 

Spleen 

Intravenous plus 
Imraperitonea! 

Day 1 — o.oii.v. o.iif-p- 
Day 6— o.oii.v. o.ioi.p. 
Day 11— o.oii.v. 0.30 i.p. 
Day 16— o.oii.v. 0.40 i.p. 
Day 11— 0.04 i.v. 0.50 i.p. 
1 I 

i-.y-o 

•H-ii 

— 

3 - 3 6 

Spleen 

Intravenous 

Day 1 o.o* ! 

Day 6 — o.oi J 

Day 11 — o -°4 j 

1:403 





Day 1 6 — 0.04 j 

Day 11 — o-oS j 

— 


II Preparation and Titration of Antisera 
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The tissue was then thoroughly ground in a mortar with sterile, pure sea sand, 
resuspended in zyo cc. of physiological saline, and centrifuged for 4 minutes at 
icco rpm. The top fatty layer was pipetted off and discarded, and the supernate 
used as antigen. This material was used both for injecting rabbits and for the com- 
plement fixation test. Antigen so obtained was designated “undiluted antigen,” 
and contained 0.2. gram of spleen/cc. 


Appendix — Titration of Antisera 


A. Determination of Titer of Antigen 



1 

2 

3 

4 

5 

6 1 7 

8 

Dilution of antigen 

1:1 

0.5 cc. 

1:2 

0.5 cc. 

1:4 

0.5 cc. 

1:8 

0.5 cc. 

1:16 

0.5 cc. 

1:32 

0.5 cc. 

1:64 

0.5 cc. 

1:128 

0.5 cc. 

Titered complement 

1.0 cc. 

1 .0 cc. 

1.0 cc. 

1.0 cc. 

1.0 cc. 

1 .0 cc. 

1.0 cc. 

1.0 cc. 

Saline 

0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 

0.5 cc. 


37 ° C. Water Bath— 45 Minutes 


Sensitized sheep cells 

1.0 

1.0 

1 10 

1 1.0 

! 1.0 

1 1.0 

1 1.0 

1 

1.0 


37° C. Water Bath — 30 Minutes 


^*ote 1. Antigen is prepared as for immunization. 

* ote 2. Complement previously titered to contain 2 full units in 1.0 cc. 

* °te 3- Sensitized sheep cells: 2% suspension with previously titered hemolysin. 

* ote 4. Titer of antigen to be used is the smallest quantity which gives complete fixation of complement. 


B. Determination of Titer of Antiserum 



1 

2 

3 1 

4 

5 

6 

7 

8 

' 9 

! io | 

11 

12 

13 

f 14 

Antiserum 

1:20 

1:50 

1:100 

1:200 

1:300 

1:400 

1:500 

1:600 

1:700 

: l:80o! 

1:900 

1:1000 

1:2000 

1:3000 

Titered antigen 

Titered complement 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

i 0.5 ! 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 i 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 ; 

0.5 

0.5 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

10 

1.0 

1.0 1 
! 

i.o ! 

1.0 | 

1.0 

1.0 

37° C. Water Bath — 45 Minutes 

Sensitized sheep cells 2% 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

10 ; 

1.0 i 

i.o ; 

1.0 

1.0 | 

1.0 

1.0 


■ — 37° C. Water Bath — 30 Minutes 

^ i" ^. C . rUm * s * nac tivated at 56° C. for 30 minutes before the test is carried out. 
v . ’ ’* cr an tiserum is highest dilution causing complete fixation of complement. 

Xot Standard ^trols are set up. 

■1. The hemolytic titer of the antiserum is also determined and sera with titers of 1:16 or more are not used. 


abbits were injected by various routes, but the highest titers of antiserum were 
tained when the antigen was given intravenously (Table i). Every fifth day the 
Sc " as increased (table i), and each time fresh spleen was used in preparing the 
'S c n. Fourteen days after the last injection 5.0 cc. of blood was obtained by 
of \< aC P uncturc an d the antispleen titer of the serum determined by a modification 
R S met i 10c i (Appendix). 

co **■ showing a high titer were bled out and the serum separated with careful 
1 crat 'on for a sterile technic. It was found that allowing the blood to clot 
storing it j n the refrigerator overnight gave the highest yield of serum. This 
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was pipcctcd off and stored in sterile i cc i , 

StCriiity ° f ' hC ! '™ m ch « M «=»1 ‘in.es, and “ a “ iS^** 
//J. Administration of Anti strum 

the scrum was givcnlnt^ 

■ ( f I lo diluted scrum/io Kg. of body weight for the first dose, the second dose 
being three times the first. ose 


T-wt-c i. Vjtg a a % (,,-27) focwmi; Autiiflteu Strum AS-re htmmmly 


JUlc 

Time 

1 ^ 

‘ w 

| r ; 

; u 
r X 1 

' ^ 1 

i 

I r. 

v. 

! li 

1 

1 * 

l ~ 

j c 

ill 

1 3 

ZC v 

E 

E 

3 

s 

U 

+■ 

C* 

>1 

C 

E. 

E 

1' 

V 

V 

>. 

G 

G 

£ 

3 

V 

y> 

u 

0 

% E 

|E 

3 

t 

>. 

u . 

|S 

n 

if 

c c 
0 . 

J? C 

"rt 

,e u 

eji; 

cs 

75 E 
ES 

0 0 

.is 

-3C< 

O 

W 

h 

es 

go 

Q 

> 

Reticulocyte % 

Remarks 

lUTf'U J.typ.M. 

( » 

6.45' 

i 

ts.oj 

i 

j 

S.5 

10,500 

22 

3 

j 2300 

1 

3)0 

2610 

1 mm. 

52 


7 (Platelet counts, 
blood chemistry 
values, etc., 
svete normal 
and arc not 
shown ) 

H Mil 

’..WI’.M. 

6.45. 


9.1 , 

9.100 

25 

5 

22SQ 

155 

2735 

1 mm. 

55 

< 1 % 

j 

ti, i.'u 

;.I.5ll t’.M. 

j 6.H 

it.sj s.s 

9,850 

is 

4 

1775 j 

595 

2170 

— 

53 

— 


i ;/ :ni 

,1:45 I'.M. 

f,si; 

1S.0, 

S.S 

11,100 

22 

6 

2440 

666 

5105 

— 

— 

— 


ir .»'« 

2-W I' M. 

; 6,20 

18.0 

9.5 

11,250; 

21 

S I 

2360 

565 

2925 

| 1 mm. 

51.5 

<1%! 


lit 4 u 

2 .Ml t’.M. 

< 6.3S 1 
j 

It.sj 

1 

0.3 

lo.oooj 

26 

6 J 

1 2600 

600 

3200 

— 

50 j 

1% 

1 0.1 cc. 1:10 AS- M 
».v. at 5 P.Xf . 

12/ 5 « 

1 M r.M. 


17.4 

5.46 

12.900! 

25 j 

3 

4500 

37 8 

4S7S 

— 

50 



12' 1. II 

2:«J I’.M. 

’ “j 

I 

— 

12.150 

35 1 

5 

4250 

S50 

5110 

1 mm. 

51 

< 1 % 

0.3 cc.l'.lO AS-IO 
i.r at 5 P.M. 

i: ' :,u 

2. IS r M. 

\ 6.40, 

17.5! 

S.4S 

10,850 

30 

5 

3260 

545 

3S05 

- 

49 



M' b 44 

2.15 I’.M. 

' 6 .35', 

15.2' 

7.54 

10,750 

37 

4 

3460 

430 

3S90 

— 

—* 



12/ 0-H 

,2:20 I’.M. 

I °- 2 / 

16.0, S.39 : 

10,250 

49 

6 

5025 

615 

5640 

1 mm. 

45 

<155 


12/1 1/H 

2. 15 I’.M. 

6. IS, 

- 


10.250 

34 

6 

34SO 

615 

4095 

1 mm. 




12'J.t/H 

I: oo r m. 

1 6 JO, 16.5; 0.44 ] 

10,250 

35 

S 

3600 

S20 

4420 


48 



12/15/41 

12: -W I’.M. 

1 6. 38. 3 

1 ;.$: \ 

,0,150 

2S 

7 

2S4G 

710 

3550 


~ 1 

1W 


12/18/44 ! 

[jtJOI’M. ! 

6.16 1 

7.6 S.S9 I 

0,050 

31 

3 

3120 

300 j 

3420 

— 

47 


!/ 3/4 5 

1.1:00 I’.M. j 

6.39 1 

7.5! S.52 

8, 250 

24 

4 

19S0 

330 

2310 


17 

<iri 

l 


2/ 5/<S 

2:00 l’.M. 

6.4 1 

7.0 58. 9S I 

S 1 

0,000 

23 

4 

2300 

400 . 

2700 

1 mm. j 4< j 



IV. Experimental Procedures 

VI! food was taken out of the dog cages m the evening and studies •were cam 
: at about i o'clock the following afternoon before the do ^ ^ , J aed 

gs were easily trained to lie quietly on the table, oo samp ^ slips 

jugular puncture, care being blood, and to.occ. 

1 supravital preparations were immediately made wi . n t ded 

blood was oxalated with dry potassium and Weight’s 

■ Heller and Paul. 21 The fixed blood smears we iadiatc d. The supravital 

ood stain, and occasionally mth spcaal Isa i i h sw)n . Differencial 

cUnic employed combined Janus green and neutral 
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Table 3. — Summary of Results 


Dog 


m 


44-23 


Antispleen 
serum j.v. 


Experiment 


Antispleen 
serum i.v. 


Serum 

and 

Titer 


AS-10 

1:500 


AS-10 

1:500 


Dosage (cc. 
undiluted 
serum) 


0.015 — Day 6| 
0.045— Day 8] 
0.135— Day 11 
0.405— Day 13] 
1.21— Day 15 


0.01— Day 6 
0.03 — Day 8 


Lymphocytes/cu. mm. 


1590 


3291 


2290] 


4100 




+107 


4780 


+79 


+200 


+119 


Monocytes/cu. mm. 


411; 


500i 


414 


565 


— o 


+11 


8501 


oi 3 


+148 


+70 


Total Mononuclears/ 
cu. mra. 


o 1 
ta 

a rt 


2000,3673 


2790; 


4664 


v v 
ta ta 
c rt 


6® 


+84 


+67 


4694 


5+ 

+134 


+98 


44-26 


4+18 


44-31 


45-2 


45-4 


44-29 


44 - 35 ! 


44-30 


44-36 


44-37 


43-1S 


Antispleen 
serum i.v. 


AS-10 

1:500 


0.012— Day 6 
0.036— Day 8 


2113 


3389 


+61 


3825 


+72 


2046, 


+123 


+147 


Antispleen 


AS-10 

1:500 


0.012— Day 6 
0.036— Day 8 


5115 


+71 


6000 


+102 


1231 


+127 


1680; 


+ 211 ! 


3500 6346 


5435 


+80] 

+82 


6210 


+105 


+119 


Antispleen 


serum i.v. 


AS-10 

1:320 


0.015 — Day 6 
0.045— Day 8 


2023 


2368 


+17 


2620 


+30 


543i 


10M 


+96] 


1311 


+141 


Antispleen 
serum i.v. 


AS- 12 
1:400 


0.012— Day 6] 
0.036 — Day 


2940 


3235 


+10 


3920 


+33 


277 


708 


+155| 


1660 


Antispleen 
serum i.v. 


Control nor- 
mal rabbit] 
serum i.v 


AS-12 (0.01 — Day 6 
0.03— Day 8 


1:400 


R-15 

0 


Control nor- 
mal rabbit 
serum i.v. 

Control nor-j 
mal rabbit] 
serum i.v. 

Control anti-| 
heart ser- 
um i.v. 

Control anti-l 
heart ser- 
um i.v. 

Antimarrow 

SCr um i.v. 


R-17 


R-21 

0 


0.0135— Day 6 
0.0405— Day 8 


AIM 

1:500 


3263] 


2880 


-13; 


3380 


+4 


266 


1096 


+310 


1435! 


3874 


3626 


-7 


4370 


+13 


915 


930! 


+2 


1090 


0.015— Day 6] 
0.045— Day 8 


3372 


3022 


3780 


+12 


621 


625 


830 


0.016 — Day 6j 
0.048— Day 


28761 


0.01 — Day 6 
0.03— Day 8 


AH-1 

1:500 


AM-1 
1:400 

^'••jLarpc dose! AS-10 
1 anti^plecn l:5oo 
1 *crum i.v. | 


0.01 — Day 6 
0.03— Day 8 


0.006 — Day Cj 
0.018— Day 8| 

2.25 — Day 6 


2900 


4370 


3722 


2780 


3444 


2540 


3400 


+ll 


3285| 


+W 


428 


+7 


-41 




3000! 


+8 


19001-153, 


545: 


+17' 


910 


744 


6121 


+2 


+85 1760' 


+500] 


2656’ 3432 


321713943 


+29 

+23 


4045] 


4920 


+440] 


3529 


+ 2 . 


4789 


+34 


3993 


+93 


+96] 


5039! 


3976 


+13 


4590: 


4556 


4920, 


3646 


—9 


4340, 


3300 


3655! 


+32 


4466 


4205 


5534 


5020 


+187 


339213671 


+s 


6251 490, -28' 136' 


-360 5490,3890 -42 


4180 


2036 


+58 

+53 

+30 

+3 

+9 

+11 

+10 

+15 

+23 

-123 


I 


Unts 0n ~°e> leukocytes were done on each preparation. Blood cell counts were 
- rricd out in duplicate and sometimes triplicate, and for each dog the same pipers 
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and chambers were used at all times. The tvtte of dor, ■ . r 

shown in table z. ^ a a obtained for each dog is 

After a preliminary period of six days for base line determinations • a 

ant.splecn serum, 3 dogs received normal rabbit serum having no aadsplcentkef 
and 1 dogs received anuhearc serum. One dog received aniimarmw ? j ' 
i og received a single large dose of antispleen serum (table 3, col. 1). SerUm ’ 1 


RESULTS 


The results arc summarized in table 3. 

The only marked effect noted was a relative and absolute increase in the mono- 
nuclear cells of the peripheral blood. A marked lymphocytosis was seen, and also 
an increase in monocytes. From fixed smears it was sometimes impossible to classify 
some of the mononuclear cells as either lymphocytes or monocytes, and parallel 
supravital studies showed the cells in question to have the large mitochondria of 
lymphocytes and the neutral red rosette typical of monocytes. For the purpose of 
analyzing the results, therefore, these cells were considered together as ''mononu- 
clear cells." 

As will be seen from table 3, the 4 dogs receiving rabbit anti-dog-spleen serum 
AS-10 with an antisplccn titer of 1:500 showed increases in absolute numbers of 
circulating mononuclears of 134 percent, 9S percent, 105 percent, and 119 percent. 
Dog 44-31 received the same serum which, after it had been stored it 4° C. lor 
5 months, showed diminution of titer to 1:320. The mononuclear response in this 
case was only + 5S per cent. Dogs 45-2. and 45-4 received a second lot of antispleen 
scrum, AS-12, made in the same way and having a titer of 1:400. These showed 
increases of 53 per cent and 30 per cent. 

The control animals which received normal rabbit serum having no antispleen 
titer, and those receiving an antiheart serum (AH-i) having an antiheart titer of 
1 : 500 and an antisplccn titer of o, showed no corresponding mononuclear response. 
The maximum peak reached was 15 per cent above the base line. 

The rise in circulating mononuclears in very prompt, occurring within zq-qS 
hours of the first dose of serum, and under the conditions of the experiment there 
is a return to the base line figure in about 10 days. The major portion of the rise 
is due to cells which are typically lymphocytic, and it was noted that there were 
relatively more of the ladge variety during the height of the response. Later an 
increase in typical ntonocyces was observed, while the period in etween va 
characterized by cells smaller chan monocytes and having the ambiguous eatu 


one 


characterized by ceils smaller man muiiueyiw ^ 

,l,c, Jy noted. In , Jos (44-.) these cells of doubtful class&mo. 
time a level of ,4 pe, cent. An inconstant feature was . 1 * £.> »n 
during the height of the mononuclear response of large blast 

sufficient criteria for classification. . , remained con- 

Thcre were no other significant changes. The hema hemoconcen- 

stant ot became slightly lower, and there was never any , » ^ 

, ration. Occasionally mode, ace decreases .1. .the t red b tot 1 ^ ^ 

accompanied by lower hemoglobin values, but the 
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am | there was no change in the reticulocyte count. In some dogs the titer of comple- 
ment in the blood was followed through the period of mononuclear response with- 
out any increase being noted. In z dogs daily determinations of the heterophil 
antibody titer failed to show any rise. Blood chemistry values (NPN, albumin, 
globulin, fibrinogen) remained constant. Sedimentation rates were normal in all 
experimental dogs and did not change during the experiments. The white blood 
count showed occasional slight rises during the mononuclear response, while with 
equal frequency it became somewhat lower. There was no significant increase in 
blood platelets, although i dog in the antisplccn group showed at one time a 
platelet count of 4.5 millions. 

The effect of a large dose of antisplccn scrum was studied in dog 44-zz. This dog 
was given zz.5 cc. of 1 : 10 diluted scrum, equivalent to 5 cc./io Kg. This dose was 
somewhat toxic, as evidenced by vomiting produced two hours after it was given 
intravenously. The dog refused to cat his diet that evening, but seemed to be well 
the next morning. In this ease the lymphocyte percentage in the peripheral blood 
dropped from a base line average of 17 per cent to 7 per cent two days later, and at 
no time showed the rise in mononuclears seen in the dogs receiving small doses. 
Calculated on the basis of absolute numbers of mononuclear cells, the change in 
this case was — 1 2.3 per cent. At the same time a marked cosinophilia was noted. 

DISCUSSION 

The future significance of these findings is necessarily in the realm of speculation. 
Two principles, however, the specificity of antisera and the opposite effects of 
small and large doses, are supported by the data obtained. 

What is the mode of action of “cytotoxic” scrum? That such small doses should 
have any action whatever seems remarkable, and yet many substances necessary for 
cellular integrity and function arc measurable as traces rather than in grams. The 
vitamins, for instance, acting as activators, catalysts, or even precursors, exert 
ellccts out of proportion to the extremely small amounts in which they arc active. 
This is even more striking in the ease of the “trace" elements and the hormones. 
Considerable evidence has accumulated to show that large amounts arc unnecessary, 
and may even be toxic. 

The first conclusion to be drawn from the data presented, supported by previous 
reports on antisera of other types, is that, if the serum is active at all, the action is 
fairly specific. Only one cell type, or one group of related cells, is afTcctcd, and the 
results depend on the antigen used. Thus Chew, Stephens, and Lawrence 13 made an 
antileukocytic serum by injecting cells from experimentally produced peritoneal 
exudates into rabbits. This antigen consisted of 75-90 per cent neutrophils, 1-4 per 
cent lymphocytes, the remainder being large mononuclear cells. Proportionately 
large doses of this serum (the antileukocytic titer in vitro was not determined) 
when given intravenously to guinea pigs produced in a few hours an almost com- 
plete disappearance of neutrophils from the peripheral blood, the other cells being 
relative 1 y unaffected. Yamamoto 3 " using scrum from a goose immunized against 
rabbit neutrophils also found the effect to be entirely on the neutrophils. Experi- 
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mononuclear cells were affected corresnnndin u ym P hoc > tes > monocytes, and 

£*“■ -* h£ZZ£ 15.Z Zl^Z'SZ 

The second conclusion is that the dosage of antiserum given is of special impor- 

anti Jn Til 1 ' 11 Sma d ° SCS haVC a d ' fferent effeCt from lar S e d °s«. When rabbit 
. nti-dog-splccn serum is given in very small doses (total of 0.04 cc./xo Kg) the 

mononuclear cells in the peripheral blood show increases of too per cent or mote, 
fa large dose is given (5 cc./io Kg.) a reduction of iz 3 percent results. It should 
be emphasized that in the previously quoted work on antileukocytic serum, » rela- 
tively large closes of scrum were used to produce depression of the neutrophils 
( 1. 3-1.3 cc. Kg.). The work of Bogomolets is based on the assumption that small 
doses arc stimulating” while large doses are “blocking" in effect. The difference 
in response in dogs to the administration of small and large quantities of antisplcen 
scrum is partial confirmation of this. 

If this assumption is correct, it should be possible to either stimulate or depress 
a cellular system at will by administering small or large doses, respectively, of a 
specific antiserum. The therapeutic applications would be many. For example, an 
increase in mononuclear cells in the peripheral blood is often a good prognostic 
sign in acute infectious diseases. The same is generally true in chronic infections. 
In tuberculosis, for example, not only is the lymphocyte/monocyte ratio important, 
but also the polynuclear/mononuclear ratio. Ratios and indices, such as those of 
Sabin and Medlar, arc attempts to express this numerically. The large mononuclear 
cells of the blood and fixed tissues are responsible for the formation of the inner 
cellular portion of the tubercle, the small lymphocytes mark its outer border, while 
resolution or fibrosis is probably a function of the same mononuclear cells. There- 
fore, any agent which stimulates this group of cells to greater activity might be an 

adjuvant to general or specific therapy. 

In the field of acute infections, any agent which stimulates antibody production 
in the infected host is beneficial. Interesting in this connection are the recent reports 
by Dougherty, White, and Chase, 15 Ehrich, 18 and White 38 indicating that anti- 
bodies are probably made or stored in the lymphocytes. Again it might be hope 
that stimulation of these cells would result in increased antibody formation. 

Many other possibilities suggest themselves. The Jack of speci city 0 ®° r P 
logical methods has, it is well known, led to considerable confusion m t P 

by 


; outstanding investigators, the “reticulo-endothelial system ^ v2rious 
still the subject of spirited controversy. The ^ ™!{tha it specific stimulation 
theories on the origins of blood and 5* tool" tvhich is needed to 

or inhibition by means of antisera may be the biologic. 

Clarify these fields. . , nnrh „i een seru m, many questions 

In mating this preliminary investigation of » P the 

have been raised. It is .0 be hoped that farther avort w,U pro 
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SUMMARY 

i. Intravenous injection into dogs of rabbit anti-dog-spleen serum in doses of 
0.04 cc./io Kg. results in a significant increase in the mononuclear cells of the 
peripheral blood. 

z. The rise in circulating mononuclears occurs promptly, with 14-48 hours, and 
is sustained, generally for 10 days. 

3. A large dose of the same serum, 5.4 cc./io Kg., exerted an opposite effect, 
producing a significant decrease in circulating mononuclears. 

4. The possible significance of these findings is discussed. 
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CONTRIBUTION TO THE PATHOGENESIS OF HEMOPHILIA 


By Alfredo Pavlovsky, M.D. 

I N STUDYING the mechanisms which alter normal hemostasis in hemophilia 
consideration must be given to the two principal factors, since both appear 
to be involved, although in different proportions. 

The alterations in the hematic factor, represented by a delayed coagulation, have 
puzzled a great number of competent investigators. Alterations in the vascular 
factor have been less seriously considered, although in our opinion they play a 
definite role. 

In this paper we shall refer to the various studies on hemophilic coagulation, 
which is characterized by a lengthening of the coagulation time, apparently caused 
by a deficit in the thromboplastic factor. To explain this deficit there are three 
acceptable theories: 

(i) Slow liberation of thromboplastin by an excessive stability of the platelets 
This theory was supported by Sahli (1910), 1 Fonio (1914-36), 2 3 Minot and Lee 
(1916),' Howell and Cekada (1916),® Fiessinger and Letard (1940), 7 and was re- 
futed by Feissley (19x3), 8 Patek and Stetson (193 6), 9 Howell (1939), w and Quick 
(1941). u (See also Tocantins. 8 ) 

(i) An actual deficiency of thromboplastin 

Schmidt in 1893 (quoted by Quick 11 ) suggested that the coagulation defect in 
hemophilic blood is determined by a deficiency in thromboplastin, since zymo- 
plastic substances shorten the coagulation time of hemophilic blood. This theory 
was subsequently supported by Sahli (1905), 12 Weil (1906), 15 Morawitz and Lessen 
(1908), 11 Kottmann and Linsky (1910), 15 Schloessmann (1911), 10 and others. 

In 1936 new investigations were begun in the United States and Holland (Ben- 
dicn and Van Creveld 17 ) which supported this latter theory. The researches carried 
out in the Thorndike Memorial Laboratory began with the study of Patek and 
Stetson, 5 who were 'supported later by Taylor, 11-22 Pohle, Lozner, and Kark. 23 - 21 
Finally Lewis, Tagnon, Davidson, Minot, and Taylor 25 summarized this work and 
concluded that in normal whole blood, or platelet-free plasma, there exists a 
substance (globulin fraction) which shortens the coagulation time of hemophilic 
blood. The same fraction extracted from hemophilic plasma contains little coagu- 
lant power, from which they inferred that hemophilic blood was deficient in 
some factor or factors present in normal blood. They termed this fraction “anti- 
hemophilic globulin." 

Howell in 1 93 9 10 called this fraction "thromboplastin" instead of globulin 
but he agreed that hemophilic blood contains a diminished quantity of thrombo- 
plastin. 

s 3 ' s Increase of anticoagulant substances which inhibit normal thromboplastin activity 

1 rom the Division of Hematology of the Institute dc Invc.tigacioncs Fisicas dc la Academia Nacional 
Medicina. Buenos Aires, Argentina 
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also disbelieved in the existence of anticoagulant substances. Fonio (1936)’ in his 
review concluded that it had not been possible to prove the presence of these anti- 
coagulant substances. Lawrence and Johnson (i 9 4i)--° observed that the blood ofa 
hemophilic patient, added to that of another hemophilic, lengthened tbecoaguJa- 
tion time of the latter. They maintained that the former's blood contained an anti- 
coagulant substance which was neither heparin nor antithrombin. 

In 1 cj.jz. Tocantins 30 suggested the possibility of the presence of antithrombo- 
plastic substances in hemophilia. In 1943 s1 he verified the presence of antithrombo- 
plastin in both normal and hemophilic blood. He maintained that theseanrithroffl- 
hoplastic substances acted during the first stages of coagulation, and v, ere liter 
neutralized by the coagulant factors, which are formed in the last stages. It is i t 
presence of these factors that may explain the difficulties found in identi ting t e 
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antithromboplastic substances. This antithromboplastic substance may be exhausti- 
ble, having a different degree of specificity in the various species; it becomes in- 
active when heated to 65° C. for 5 minutes; its activity decreases slowly if kept in 
paraffined or lusteroid tubes. Tocantins found that hemophilic plasma has an anti- 
coagulant activity from five to eight times greater than that of normal plasma. 
The author termed this substance ‘ ‘anticephalin. ’ ’ In a more recent paper Tocantins 32 
gave details of his investigations by which he demonstrated that the increased 
stability (tendency to remain fluid) of hemophilic blood is due to an uncompensated 
excess of anticephalin activity. 

In 194Z Quick 11 maintained that “the existence of an agent which can neutralize 
thromboplastin has never been established, nor have any substances been found or 
prepared which can antagonize by direct action the activity of this clotting factor. 
This negative evidence does not preclude the possibility that such an agent may 
ultimately be found.” In 1944 Quick 33 seemed to support the theory that the anti- 
thromboplastin present in normal blood is abnormally increased in hemophilic 
blood. 

From our own observations, we consider that anticoagulant substances are 
present in hemophilic blood. These probably act on the coagulant globulin frac- 
tion diminishing its activity. 


OBSERVATIONS 

In 1941, in collaboration with M. R. Castex, 34 we determined the clotting time 
of rccalcified plasma of hemophilic blood, and noted variations in some cases, 
according to the time at which the test was determined. If the determination was 
made immediately after collection, the coagulation time of hemophilic recalcified 
plasma was longer than that of normal plasma; but if the test was made some time 
after the collection, a period that varied according to the coagulation time of the 
patient’s whole blood, it was definitely shorter. Similar results were obtained by 
Quick in 1941. 11 

At first we attributed this shortening to a slow disintegration of the hemophilic 
platelets, which freed the thromboplastin with equal slowness. This hypothesis 
was discarded after making the same test with platelet-free recalcified plasma, when 
the same diminution in coagulation time was noted and which could, therefore, 
not be attributed to the platelets. That indicated the possibility that some anti- 
coagulant substance might be present in hemophilic plasma, which would become 
inactivated, leaving free the coagulant factors, which would then act as in normal 
blood. 

Subsequently, 35 following the observations of Patek and Stetson, 9 we fixed the 

optimal doses of total blood, plasma, or serum required to reduce the clotting time 
of e 
the 
the 

nc Ol our patients required very large amounts of blood (more than 600 cc.) in 
contrast with others who required only 140 cc. 

Following observations in vitro (in collaboration with Castex and Simonctti 3c ) 


■ich patient. It was found that the amounts of material required varied with 
clotting time of the hemophilic blood, so that for a longer coagulation time, 
m)cction of a larecr auantitv of normal blood, nlasma. or serum was rcauired. 
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7 , , f"' 0 “'i'lborators we studied the action of the hemophilic blood added 

to the Wood of other hemophilic patients, and observed a paradoxical fact We 
found that occasionally (in vitro) the blood of some of the hemophilic patients 
u tch a greatly prolonged clotting time (1 hr. to mins.) when added to other hemo- 
philic blood with a much shorter clotting time (40 mins.) possessed a coagulant 
action nearly as effective as normal blood. Acting on this observation, we trans- 
fused plasma from the patient with the longest clotting time to one of the other 
patients (table 1). The results of this experiment made us doubt whether a deficiency 
in a coagulant substance (globulin fraction) really existed; for if it did exist, it 
would be illogical to obtain a coagulant action with hemophilic blood which con- 
tained a smaller quantity of coagulant substance. 

T.MH-r 1 . — Transfusion of ice it. of Plasma from Hemophiliac x to Hemophilia: 9 

Hemophiliac H9 Coagulation rime: 30 minutes 

Hemophiliac Hi Coagulation time: So minutes 

Time chp'tii after five transfusion of plasma from hemophiliac. Hi | ^hemo^Hic hV^ 

i 

Hefore the transfusion i 3c minutes 

1 'j hour later i 6 minutes 

14 hours later ... ; O minutes 

aS hours later , iSminu.es 

^ ’■ 

If wc admit that hemophilic blood has a deficit of globulin fraction, we consic 
that this deficit might be caused not by an original deficiency, bur by the actu 
of anticoagulant substances that would render it inactive. With the idea of studyn 
this hypothesis wc tried to diminish the coagulant action m normal persons 
the help of anticoagulant substances. By using heparin by injection or dicoumar 
oral! v (Pavlovsky and Simonctti”) we showed that the globulin fraction had 
coagulant activity when coagulation was most delayed. From this 
deduced that if the globulin fraction of the hemophilic blood ^ d !eSS C f* u] 
activity, it might be due to the presence of anticoagulant substances 

neutralize its action. . , „f t b c globulin frac 

tion in different patients and found that it sane , . prolonged clorrint 
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time after the blood has been extracted, this being the cause of the discordant 
variations in the coagulant activity of the globulin fraction in the different hemo- 
philic patients. 

With this thought in mind, we tried to obtain inactivation of the_ anticoagulant 
substance by precipitating the globulin fraction of the hemophilic plasma, in two 
ways. One sample was obtained by precipitating the globulin immediately after 
collection of the blood, the other, by leaving the blood Z4 hours in a refrigerator 
before precipitating the protein fraction. In the second test we verified that in 
some cases the globulin fraction had increased its coagulant power. We thought 
that this might be due to the inactivation of the anticoagulant fraction. 

In accordance with the preceding experiment, we gave our patients autotrans- 
fusions of blood, verifying that if we extracted the blood and injected it again 
immediately afterwards no modification was obtained in the coagulation time; 
but if the blood was injected after having been kept in a refrigerator for 48 hours, 
a coagulant effect was obtained that varied according to the patient. We proved that 
the effect was more obvious if we used whole blood instead of plasma. 

From the foregoing evidence, we deduced that it might be possible to solve the 
problem of the coagulation time in hemophilia by inactivation of anticoagulant 
substances. It has been established that these anticoagulant substances are neither 
heparin nor dicoumarin. 

We tried also (in vitro) to shorten the clotting time of hemophilic blood by the 
addition of protamine, without attaining a satisfactory result. It is generally ac- 
knowledged that protamine reduces the anticoagulant activity of heparin (Charg- 
aff and Olson, 39 Jaques and Waters, 10 and Jorpes 41 ). Despite these negative results, 
we believe that investigations should be continued to discover a medium that 
would inactivate these hypothetic anticoagulant substances. 

This will be the aim of our further investigations. 

SUMMARY 

The causes of the delayed coagulation of hemophilic blood seem to become clearer 
as time advances. On one side we have the investigations of the school of Minot, 
indicating a deficit in the globulin fraction; and on the other side are the works of 
those who maintain that there exists an excess of anticoagulant substances. We 
support the latter theory, although in our opinion the two theories do not con- 
tradict each other, since it might be possible that this anticoagulant substance 
would act on the globulin fraction diminishing its coagulant power. This substance 
could be identified with the anticcphalin fraction of Tocantins. 

With the idea that this substance might be less stable than the coagulant frac- 
tions (fibrinogen, prothrombin, and thromboplastin) we have tried to render it 
inactive by keeping the blood in a refrigerator for a certain length of time. In- 
activity was obtained in some of our experiments. We know that the stability of 
this substance varies from one patient to the other, but we have not been able to 
h.v the cause of these variations. 

^n conclusion, wc consider that other means of neutralizing the action of this 
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anticoagulant substance should be investigated. This inactivity once obtained, we 
should have advanced far in solving the intricate problem of hemophilia. : 
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c tcmatocri t to 15 per cent or less. These adjustments are largely cardiovascular 1 

Oxygen transport „ ^maintained by a marked augmentation ofblood flotv throuh 

most parts of the body as a result of peripheral vasodilatation and increased 
cardiac output.- Oxygen uptake by the tissues is more efficient. Initially the com- 
pensation for the reduction of the red cell mass is adequate and effective, but, 
ultimately, limitations become apparent. Congestive heart failure may develop’ 
possibly as a result of myocardial anoxia, 3 and renal dysfunction may appear, with 
azotemia, proteinuria, and isosthenuria. 4 - 5 


The renal circulation has been found to play an important role in the cardio- 
vascular adjustments during fever, fear, ortbosrasis, and shock. 6 - 7 In acute blood 
loss and shock* active renal arteriolar constriction appears to divert blood from 
tile kidney to regions such as the heart and brain where it is more urgently re- 
quired. The present study indicares that, in chronic anemia, a similar active renal 
vascular response occurs and probably interferes with renal function. 


SUBJECTS AND METHODS 

The subjects of this study were 15 patients with severe chronic anemia. Eight 
were proved cases of pernicious anemia in relapse who responded to therapy with 
liver extract. The other 7 suffered from anemia due to other causes: z had 
paroxysmal nocturnal hemoglobinuria, z had bleeding duodenal ulcers, and 1, 
bleeding hemorrhoids. One patient had lymphatic leukemia, proved by hemato- 
logical study and subsequent postmortem examination, and 1 was anemic as a 
result of iron deficiency. 

Tile sexes were about equally divided, although females dominated the group 
with pernicious anemia, 6 to z, while males outnumbered females among thosewith 
secondary anemia by 6 to 1. The age range was wide, ranging from 14 years to 7 z 
years, but a third of the cases were more than 60 years of age. This preponderant 
of older subjects appeared to have little influence upon the results 

Without exception these patients had been moderately active 
of admission J , he hospital. Most complained of £ 

moderate degree of dimness and faintness on standing 

— «y ' «• ? “ r« e rs e «T«. all patients warn 

had been present for several months, ft seems sa presented, 

physiologically adjusted to the severe grades of anem.a the) p 

Frpm * Evans Memorial, Maoris Memoria, *** - * ‘ 

liuston Univetsitv School of Medicine. 
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An effort was made to exclude subjects in whom factors other than anemia might 
have interfered with renal function, but it is possible that other processes were 
active in 3. In i patient with pernicious anemia, L. M., a persistent arterial hyper- 
tension was found. It should be noted that there has been no evidence of progression 
of the hypertensive disease over a three year period of observation and that cardiac, 
ocular, or cerebral involvement has not occurred. While it is possible that in the 
2. subjects with paroxysmal nocturnal hemoglobinuria the prolonged excretion of 
hemoglobin might have produced renal parenchymal damage, the renal functional 
changes were in general agreement with those of the other cases (table i). 

All subjects were studied in the fasting basal state, following the ingestion of 
1500 to 2.000 cc. of water to provide adequate urine flow. Kidney function was 
measured with the technics devised by H. W. Smith and his co-workers, sum- 
marized by Goldring and Chasis 8 in their monograph, Hypertension and Hyper- 
tensive Disease. Glomerular filtration rate was determined as the mannitol* or inulin 
clearance; and effective renal plasma flow, as the diodrast clearance. Effective 
renal blood flow was calculated from the diodrast clearance and the hematocrit. 
Tubular function was studied by saturation technics, 8 the maximal tubular ex- 
cretory capacity with diodrast (diodrast Tm) and maximal tubular reabsorptive 
capacity with glucose (glucose Tm). Analyses were performed upon plasma fil- 
trates, prepared according to the method of Fujita and Iwatake, 9 and diluted 
aliquots of urine. Diodrast, mannitol, and inulin were determined by methods 
outlined by Goldring and Chasis 8 ; glucose, by that of Nelson. 10 

Although all subjects were studied thoroughly from the hematological point 
of view, and, in many instances, followed for a period of years in the Hematology 
Clinic, only the hematocrit values will be presented in this paper. These values 
were obtained by centrifuging oxalated blood in Wintrobe tubes in duplicate, at 
3000 revolutions per minute for 60 minutes. 

RESULTS 

Table 1 summarizes the results of the various tests of renal function in the 15 
subjects. All the values collated in table 1 arc averages of two or more determina- 
tions. As a rule, three or more figures were obtained but in several instances values 
were discarded for technical reasons. All figures are expressed in terms of the sur- 
face area of ideal man (1.73 M. : ) in order to minimize differences attributable to 
variation in size. With 4 exceptions, all subjects were studied prior to treatment. 
Two and three transfusions had been given to L. T. and M. B., respectively, during 
the week prior to the renal function test. Two patients with pernicious anemia 
had received liver extract: K. Me. for two weeks and M. Ch. for nine days. 

Seven patients (table 2.) were studied prior to and, on various occasions, after 

Mannitol, air.puled in 15 per cent sterile solution, svas supplied for use in this study through the 
>>iurtc»\ of ihc Medical Research Disision of Sharpand Dohme, Inc . Philadelphia, Pennsylvania. Inulin 
1 ' fvt tent in sterile 5011111003, manufactured by William R. Warner and Company, New York, and dio- 
v..a\t , CS per cent in sterile solution', manufactured by the Wirthrop Chemical Compare , N'eu Yo-k, 
"ere used in this studs 



194 


RENAL FUNCTION DURING CHRONIC ANEMIA 


effective treatment was started. Hematologic improvement was noted in all, in 
3 (E. M., L. M., and H. C.) the hematocrit returning to normal by the time of 

Table i . — Rtnal function in Chronic Antmia 

Each datum in columns 5 to 11 represents the average of two or more clearance periods and is 
corrected to 1.73 sq. M. Glomerular filtration rate denotes values of mannitol and inulin clearances; 
effective renal plasma flow, values of diodrast clearances. 
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91 j W0 

14.6 

816 

i 31 

\| | 1.90 | 105 ; 501 

22.1 

672 

i 65 

XI j 1 72 SO i 521 

j 1.50 144 <1* 

j 15.1 
1 19.9 

645 

57 

34 

1 



1 


42 

M 1 l.w! 12;> 

1 * 

I 

1 

i 




1 

E i 

t I 

E 1 

f- 


3 

S j 

cs j mg./ | 

p* min. . 


Hct. 


24.2 

14.2 
15.1 

27.6 


222 

2S9 


per 
cent 

I 12.S IlM/M 
i 26.4 112/54 
94/H 


! 20.3 
0.544 j 17.3 


Diagnosis 


mm. 

Hg. 


0.273 i 21.3 
» 461 I 0.297 


19.0 


1 


34.1 


26.3 


19.1 


349 

415 


0.229 

0.347 

I 0.323 j 


IS. 6 
1S.4 


Pernicious anemia 
Pernicious anemia 
v*/w| Pernicious anemia 
140/65' Pernicious anemia; 

| diabetes mellitus 
130, 50, Pernicious anemia; 
j arteriosclerotic 
j cardiovascular 

! disease 

114 60| Pernicious anemia 
ISO, 9S 1 Pernicious anemia; 

essential hyper- 
• tension 

130/70| Pernicious anemia; 
j arteriosclerotic 
i cardiovascular 

disease 

124/5S' Paroxysmal noclut* 
~ | oal hemoglobb- 

| uria 

106 64* Paroxysmal noctur- 
nal hemoglobin- 

uria 

Chronic blood loss 

( —hemorrhoids 

95 / 45 ' Chronic blood loss 
1 —duodenal ulcer 
114/66! Iron deficiency 
124/661 Lymphatic !«** 

' mia 

Chronic blood lo ;? 
—duodenal ulcer 


26.7 

15.2 

21.6 )l 10/70 j 
25.5 


110; SO 


’ AsmRC cnlurs-lcroalc 

— normal’ 1 “ * * 

Avcrapc cjlots- tcma'c 

-anemia 

Ac crape va!u«~roa!c- j ^ m , 9 . 0 . 1209 

normal" " " 1 

Averape talnr-"'^ 


117 ' 594 t 20.2 | 952 

104 i 534 i 19.4 j 613 

' I 


375 i 0.371 | 


AM, ape calurr-malc- , | 16 .2 | 

anemia I_LJ : . « t hcse proved dlfflCU, 

t &ssssiss&‘ 
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felt completely well. The follow-up studies summarized in table 2. covered various 
periods of time ranging from two weeks to about three years of observation. 

Effective renal blood floiv 

The most striking functional alteration during chronic anemia regardless of 
etiology was the reduction of effective renal blood flow. This alteration in effective 
whole blood flow was associated with a much smaller change in the effective 


Table 2. — Renal Function During and Following Recovery from Chronic Anemia 


Each datum in columns 3 to 8 is an average of two or more clearance periods (except one, marked 
with an asterisk) and is corrected to 1.73 sq. M. The glomerular filtration rate denotes values of 
mannitol and inulin clearances, and effective renal plasma flow, values of diodrast clearances. 


Subject 

Date 

Glomer- 

ular 

Filtration 

Rate 

(G.F.R.) 

Effective 

Renal 

Plasma 

Flow 

(R.P.F.) 

Filtration 

Fraction 

G.F.R./ 

R.P.F. 

Effective 

Renal 

Blood 

Flow 

(R.B.F.) 

Diodrast 

Tm 

(Tmd) 

R.B.F./ 

Tmd 

Hct. 

Blood 

Pressure 

ml ./min. 

ml./min. 

per cent 

ml./min. 

mg./min. 

per cent 

mm. Hg. 

E. M. 

11/17/41 

n8.o 

609 

19.6 

699 



11.8 

114/66 


n/18/41 

109.0 

477 

13.0 

645 

31.0 

IO. I 

15.9 

138/72 


i/n/43 

76.1 

411 

18.0 

715 

37.0 

19-3 

4 1 -3 

ni/68 


6/11/43 

9 °. 5 

575 

! 5-7 

1048 

44-7 

z b 5 

45 - 1 

no/70 

L. M. 

1 1/19/42 

68.0 

381 

18.4 

518 



17.7 

180/98 


11/ 1/41 

91.3 

388 

13.6 

578 

18.4 

31.4 

32.9 

120/77 


n/ii/41 


410 

11.4 

680 

*«-S* 

41.1 

38.3 

138/74 


E&a 


35 1 

16.8 

440 

31.0 

14.2 

20.3 

94/64 


mm 


316 

11.9 

413 

31.0 

13.6 

29-7 

110/70 

H.C. 

1/ 1/46 

1 19.0 

553 

11.4 

705 

34 -o | 

10.7 

ii .6 

130/70 


5/15/46 

1 17.0 

641 

18.1 

9 1 7 



30.6 

124/70 

H. Cu, 

n/11/41 

94.0 

640 

14.6 

816 

• 31.0 

16.3 

11 .6 

110/70 


'/ 4/43 

5 M 

397 

‘ 3-3 

714 

l8.1 

15.1 

44.2 

94/50 

L. G. 

1/ 1/43 

76.0 

75 1 

IO. I 

887 | 

16.0 

34.1 

15.2 

106/64 


■°/ 3/45 

119.9 

594 

10.2- 

S56 



30.6 

104/70 

H. S. 

i 1 /‘ 5/43 

1 So.o 

51S 

15. 1 

64 S 

34 -° 

19. 1 

is.6 

114/66 


! 3 / 10/43 

1 95,5 

579 

16.6 

6S5 

36.O 

19.0 

! 5-5 

IIO/6O 


J < >S'43 

] 93-4 

| <35 

• 4-7 

j 93 < 

45.0 

10.7 

32.2 

124,70 


tcnal plasma flow, the latter always falling in the lower portion of the normal 
range. On the average, the effective volume of whole blood flowing through the 
kidney fell from a normal figure of 12.09 ml. /min. to 654 ml. /min., or 46 per cent 
m males, and from 9S2 ml. /min. to 673 ml. /min., or 31.8 per cent in females. The 
diodrast clearance or effective renal plasma flow, on the other hand, decreased in 
males bv 25.2 per cent from the normal figure of 697 ml. /min. to 522 ml. /min., and 
'n females by 10.5 pcrccntfrom 597 ml. /min. to 534ml. /min. The clearance method 
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may be used to measure renal plasma flow only if 90 to 100 per cent ofrh A , 

(or sodium p-am.nohippurate) in the blood traversing ^ 

Since there is evidence that the extraction of o I g h . ^ Is removed. 

reduced during anemia » these X! t X 0r P' aminohi PP^e is not 
T , a ’ these values are probably accurate and valid 

The collected group of females showed a considerably smaller average change 

in effective : renal plasma flow than the males. This difference was also observed 

'! rC f rd . “ dlC Va,ucs for whole flow, glomerular filtration rate and 
maximal tubular capacities Whether this difference in response represents a’ true 
sex difference cannot be said upon the basis of this small series. Since most of the 
women had pernicious anemia it is possible that the typical functional pattern is 
less striking in pernicious anemia. However, B. K., a female with a severe second- 
ary anemia of several months duration, also presented high figures. No correlation 
between the extent of renal hemodynamic change and duration of symptoms was 
found. 


In view of the fact that cardiac output is almost always increased in anemia of 
this severity- it follows that the fraction of cardiac output passing through the 
kidneys fell markedly. This decrease was not only relative to blood flow elsewhere 
in tile body, but absolute, since the fall in renal blood flow was considerably 
larger than the change in the head of pressure in the renal artery. Thus, the average 
mean arterial pressure (calculated according to the method of Boger and Wezler 12 ) 
fell only 7.S per cent, or from an average normal figure of 90 mm. Hg. to 83 mm. 
Hg. in both men and women, excluding L. M. Consequently, it is probable that 
active vasoconstriction w'ithin the renal vascular bed accounted for the reduction 
of blood flow. 

Following treatment, the renal blood flow slowly improved as the hematocrit 
returned toward normal (table 1). This increase was clearly related to the hemato- 
crit since the effective renal plasma flow (or diodrast clearance) showed relatively 
little change. Indeed, on two occasions (E. M. and H. C.) where determinations 
were made at short intervals, the effective renal plasma flow actually fell during 
recovery from anemia despite a rise in effective renal blood flow. In most cases the 
effective renal plasma flow' tended to increase slightly as recovery progressed, t 
should be noted that the arterial pressure did not increase. 


Glomerular filtration rate and the filtration fraction 

In more than half the subjects the glomerular hit, ado. rate »as beta dte «»,- 
,„al range; in only a was is higher than the notmal mean value. Oyh" >« »g 
(ell from a normal figure of ,,, nti./miu. in males to S, mh/mm ant I i 7 U 
,07 mi./min. in females. The filtration (racoon or i, in 

at the glomerulus fell into the lower portion of the normal g 

nearly every case. , 1 filtration rare tended to in- 

As anemia responded to treatment teg ‘ . thc ear ly phase of re- 

crease, although on several occasions it fe s a P* g ]i[c changc . fo most 
cover) - Cable 0 - The filtra.,0. *> » ' ^ In , pui e.,s the 
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Tubular junction 

The maximal rate of tubular diodrast excretion (diodrast Tm) was determined in 
io subjects, 7 of whom had pernicious anemia. This value, normally 51.8 mg./min. 
in men and 42.-6 mg./min. in' women, was depressed significantly in 9 subjects; 22.. 5 
per cent in females, and 39 per cent in males. This reduction could not be attributed 
to a failure to attain sufficiently high plasma concentrations of diodrast, for the 
load* of diodrast presented to the tubules for excretion, in 8 of the 10, was greater 
than z.o mg. for each unit of Tm. In H. C. and M. B. the load/Tm ratio was 1.44 
and 1.77 respectively, probably sufficient to assure saturation. 

Maximal tubular glucose reabsorption (glucose Tm) was measured in 7 patients; 
4 with pernicious anemia and 3 with anemia of varying etiology. Unlike diodrast 
Tm, glucose Tm fell within the normal range in every subject, except one (R. deV.). 
It is of interest that this patient suffered from diabetes mellitus in addition to per- 


Table 3. — Glucose Loading and Maximal Tubular Teal sorptive Capacity (Tm) 

Each datum is an average of two or more clearance periods and is presented without correction 
for body surface. See footnote, below for discussion. 


Subject 

Glucose Load 

Glucose Tm (Tmg) 

Load/Tms 


mg./min. 

mg./min. 


H. S. 

463-0 

346.6 

1-34 

M. Ch. 

479-9 

441.4 

i .oS 

R. deV. 

361.0 

114.5 

1 .69 

A. K. 

431.0 

314.8 

1 -37 

B. K. 

610.0 

359-6 

1.71 ‘ 

L. G. 

618.0 

361.6 

1 -73 

J. s. 

647-5 

4 ^ 5-9 

1 -55 

H. C. 

675.0 

404.0 

1.68 

, 


nicious anemia. With one exception (M. Ch. — 1.08) the glucose load/Tm ratio 
exceeded 1.2., indicating the probability of effective saturation loads. 

‘Loading of the tubular transfer mechanisms must be in excess of their capacity if accurate measure- 
nicnts of Tm arc to be made. The load of glucose reaching the tubules for reabsorption (mg./min.) may 
f’c calculated as the arterial plasma concentration of glucose (mg. /ml.) multiplied by the filtration rate 
Onl /min.). The diodrast load (mg./min.) is the plasma concentration of diodrast (mg./ml.) times the 
effective renal plasma flow(ml./min ) less the quantity of diodrast filtered at the glomerulus (plasma con- 
centration of diodrast [mg./ml.] multiplied by the filtration rate [ml. /min.] and by a factor of 0.72. to 
correct for protein-binding). Since high plasma levels of diodrast must be used in the determination of 
diodrast Tm, the effective renal plasma flow is estimated from the filtration fraction, determined during a 
control study, and the filtration rate, observed during Tm determination. 

All measurements of diodrast and glucose Tm are tabulated in tables 3 and 4. These figures are presented 
a s they were obtained, without correction for bodv surface, together with the loads and load/Tm ratios, 
h can be seen that, with few exceptions, the ratios exceeded 1.0 for diodrast and i.r for glucose, the 
“"' tr limits of adequate loading set down by Smith 11 In the one instance (M. Ch., table 3) where the 
Rlucove load/Tm ratio was low, the Tm value was quite high and probably correct. In H. C. (table 4}, 
"uh ratios of 1.44 and 1 91 for diodrast, the Tm values measured at different times agreed closely despite 
dm divergence of ratios M D. (table 4'', with a diodrast load/Tm ratio of 1 77, had the highest diodrast 

‘nut-served. 
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On s occasions (E. M„ L. M., M. C„ H. C„ and H. S.) diodcas, T„ was fare 
mmcd at different cones after treatment was started. In a (E. M. and H S 1 there 
was a definite change : toward the normal value. The others revealed no dtffaS 
change. In I of these (H. C.) only nvelve days had elapsed and there was evidence 
m the renal hemodynamic pattern, of continuing renal functional abnormality 

Taolh 4. Diodrjjt Leading and Maximal Tub a! or Exert fon Capacity (Tm') 

Kach datum (except those marked with an asterisk) is a 0 average of tiro or more clearance 
periods and is presented without correction for body surface. 


Subject 

Biodrast Load 
mg. /min. 

Diodrast Tm (Tmd) 
mg./ram. 

Load/Tnd 

L. St. 

69.1 

19.S 

■ 

1 3.50 


63.9* 

17.S* 

j ,So* 

E. Si. 

79.7* 

1 5-9 

! 3 -M " 


55.6 

19.9 

1 1.S6 


103.S 

36.3. 

1.S7 

It Cu . 

44 ->* 

30.6 

1.14 


53 - 

: --------- 

’- 7-9 

1.91 

L G. 

1 13 .0* 

16.9 

: 

4*57 

H. S. 

1 99.6 

33-7 

'-95 


i 104.4 

35-7 

'-n 


1 9>-7 

44-9 

1.01 

K. Me. 

j 169.0* 

31.0 

5.1S 

M. C. 

65.6* 

--6.5 

1.56 


59.6 

16.6 

1 

1.14 

SI. IV 

j " 35 -S‘ 

76.S 

1.77 

I! tirV. 

94.0* 

— j 

44,6 | 

i.n 

A K . 

i * 

; 99 - 4 * 

* 3-4 j 

4 --5 



. - .. - 

} 

\ .Q3 

.1 - S - 

S7.3* 

45-3 i 


li . C . 

> 3 '-° 

31.0 

4 -ii 


, . 7n , nnther (M C.) the hematocrit increased from 10.3 

discussion 

It Iw been found that 

develops in chronic anemia. Both effect ^ somcwhat greater extent in ac 

,i„n tare arc reduced significantly tteh filtered at ,hc S lo»«™'« 

,,t so that the filtration fraction (percentag 
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tends to fall slightly. The most striking change is the marked reduction of effective 
whole blood flow through the kidneys. Since systemic arterial pressure does not 
change significantly while cardiac output increases, it is evident that active vaso- 
constriction occurs within the renal vasculature. In addition to the renal hemo- 
dynamic adjustment during anemia, abnormalities of renal tubular activity appear. 
The maximal excretion of diodrast is diminished while maximal glucose reabsorp- 
tion remains unchanged. This dissociation indicates a local dysfunction of tubular 
cells rather than the destruction or inactivation of nephrons . 14 

The normal value for glucose Tm indicates that all the glomeruli continue to 
function and to provide glucose for reabsorption by the tubules. Hence it is evident 
that vasoconstriction does not entail shunting of blood away from renal par- 
enchyma or the cessation of flow in any significant portion of the renal vascular 
bed.* Vasoconstriction may be more intense in some areas but this phenomenon is 
not manifest in the data presented above. To detect activity of this character, ti- 
tration studies 13 would be required. 

Since blood continues to perfuse all the glomeruli, the filtration fraction may be 
used as a means of evaluating the site of vasoconstriction in the kidney. Accepting 
the hypothesis 15 that filtration equilibrium is approximately reached across the 
glomerular membrane, a fall in both filtration fraction and renal blood flow implies 
increased afferent arteriolar resistance. The filtration fraction denotes the extent to 
which the plasma proteins are concentrated by filtration, and since the plasma 
oncotic pressure is equal to the hydrostatic pressure in the capillaries at equi- 
librium, the filtration fraction is a function of the equilibrium pressure. The 
slight reduction in filtration fraction therefore indicates a slight fall in equilibrium 
pressure. In some subjects the equilibrium pressure apparently remained at a nor- 
mal level. This means that the difference of pressure between the renal artery and 
the point of filtration equilibrium changed very little despite a marked reduction of 
blood flow. Hence, the resistance between these points, to which the afferent ar- 
terioles make the largest contribution, increased in a manner roughly proportional 
to the reduction of blood flow. In addition, the equilibrium pressure is the head of 
pressure at the beginning of the postglomerular vascular bed. In view of the smaller 
reduction in filtration fraction than in renal blood flow, it may be concluded that 
the forces opposing perfusion increased, possibly as a result of efferent arteriolar 
vasoconstriction. Consequently, it is probable that both afferent and efferent ar- 
tcn °lar vasoconstriction occur in chronic anemia, and since the filtration fraction 
tc nds to fall it may be surmised that afferent vasoconstriction is the more 

prominent. 

The reduction of blood flow through the kidneys is presumably a homeostatic 

The reduction of effective renal blood flow relative to the glucose Tm implies a diffuse and widespread 
cnj l ischemia during chronic anemia. However, no consistent change in the perfusion of functioning 

; rc,or V 'issue was observed. The effective renal blood flow/diodrast Tm ratio was elevated in 3 patients, 
j ln 3, and normal in 3 (tabic 1). During recovery, the ratio increased in 1 individuals (E. M. and 
- ■ ■, table i) and remained unchanged in 3 others. Hence, no conclusion can be reached regarding the 
" 1IIPn ship between diodrast Tm and blood How, although it is possible that thev mav have varied 

'"'Vndently. hi • - 
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device by which blood is diverted to tissues v„>h i,« 

Tile amount of blood thus spared is considerable Nn r f' Stmcc t0 ox >'S en lack, 
through the renal vascular bed each minute in m ^ 7 1100 ml of biood P ass 

blood per minute. Actually the • 0 f 600 of 




is noc peculiar to chronic anemia for 


, nmr ... , , it occurs in traumatic shock,” orthostasis ! 

a " J AJd, f" s A °f "he effective circulating blood whm L 

common denominator these otherwise diverse conditions, but i, is impossible” 
present to attribute renal vasoconstriction to this factor. Since the kidney is sub- 
ject to direct stimulation only by the arterial pressure, blood composition, and 
possibly, the nervous system, there is no obvious point d'appni at which effective 
hypovolemia alone might excite renal vasomotion. Blood volume alteration, as 
such, would not influence renal blood flow except through some intermediate 
secondare effect. Certainly, a secondary change in the arterial pressure cannot be 
adduced as the immediate cause, since the mean pressure may rise (as in orthosrasis) 
or fall { as in shock). The possible role of humoral or neural activity resulting from 
a reduction of the circulating blood volume remains to be elucidated. 

Tile clearance and Tin values showed a tendency to return to normal during 
treatment and after the return of the blood picture to normal. The release of renal 
vasoconstriction and the correction of the intracellular defect responsible for the 
lessened capacity to transfer diodrast at high plasma levels, apparently paralleled, 
in a general way, the clinical and hematologic improvement. In contrast, the 
emergency treatment of shock results in a return of the cardiac output and blood 
pressure to normal before any change in renal hemodynamics occurs.' This lag be- 
tween systemic and renal circulatory responses was not demonstrable in most in- 
stances of chronic anemia, possibly because improvement was slower. Where the 
anemia was rapidly corrected, as in H. C., by multiple transfusions of blood, 
marked renal vasoconstriction and depressed diodrast Tm continued to be apparent 
several days after the return of the hematocrit to normal. 

It is interesting that a somewhat similar pattern of renal functional change has 
been described in diffuse glomerulonephritis . 15 The glomerular filtration rate is 
reduced in tin's disorder presumably by glomerular damage and destruction, mce 
filtration decreases more than the renal blood flow the filtration racoon a 
Unlike anemia, there is little evidence that renal vasoconstriction is impor . 
Indeed hvpcrcmia as a result of vasodilation may be a prominent finding. 

it ‘should be emphasized that anemia * not concern e course of diffuse 

penvuion of the typical alterations in clearance value g 

anemia- Edema occurs m a large number of cases * a „ retained 

plasma oocotic pressure or increased venom I . d b) . tes of tedf 


as 


we 
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observed in the present study, it may be suggested that edema is secondary to renal 
retention of water and salt, possibly attributable to a glomerulotubular imbalance 
indicated in the reduction of the filtration rate/glucose Tm ratio. The reduction of 
the urea clearance and the development of azotemia may be attributed to a reduc- 
tion of glomerular filtration rate, which may be quite severe (M. C., L. M., L. T., 
table i). 

The renal functional changes, in general, are nonspecifically related to chronic 
anemia. Patients with pernicious anemia showed a less marked deviation from nor- 
mal, on the average, but since this group was made up largely of females, the pos- 
sibility of a sex difference cannot be excluded. The circulatory adjustments are 
made independently of the cause of anemia and it is not surprising that the renal 
circulatory phenomena should follow suit. 

Although hypertension may be produced experimentally by constricting the 
renal arteries and reducing the flow of blood through the kidneys, hypertension 
does not usually develop in the course of chronic anemia, even when renal ischemia 
is marked. There is no reason to believe that the circulatory adjustments of anemia 
prevent elevations of the blood pressure, since hypertensive emotional responses 
arc easily evoked and the blood pressure may rise as the result of some other disease 
process, such as glomerulonephritis, in spite of severe anemia. Pre-existing hyper- 
tension persists, as in L. M., with very little change. These facts are opposed to the 
view that renal ischemia is an important causal factor in human hypertension. 

SUMMARY 

i. Renal function has been studied quantitatively in 15 patients with chronic 
anemia, 8 of whom were proved to have pernicious anemia. In 7 the anemia was 
secondary to chronic blood loss, iron deficiency, paroxysmal nocturnal hemoglo- 
binuria, and leukemia. The effective renal plasma flow and glomerular filtration 
rate were measured by clearance technics; and tubular function, by saturation 
methods (diodrast Tm and glucose Tm). 

i. The effective renal plasma flow, the glomerular filtration rate, and the filtra- 
tion fraction (percentage of plasma filtered at the glomerulus) were reduced slightly 
below the normal values in most subjects. The effective renal whole blood flow 
was always greatly reduced, by 46 per cent on the average in males and by 31.8 
per cent in females. 

3- Since arterial pressure was not significantly depressed it was concluded that 
renal vasoconstriction occurs in chronic anemia, possibly as a homeostatic device 
for the diversion of blood to tissues more sensitive to oxygen lack. The relatively 
small reduction of filtration fraction implies afferent and efferent arteriolar vaso- 
constriction with dominance by the afferent arterioles. These changes were shown 
tH reversible, a return to normal values paralleling the return of the blood picture 
to normal, 

4 - Diodrast Tm was reduced significantly in 9 of 10 patients while the values of 
glucose Tin were normal in 6 of 7 patients. The normal values for glucose Tm in- 
1 icatcu continued operation of all glomeruli and implied the absence of shunting 
or of cessation of blood flow in any significant portion of the kidney. The fall in 
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diodrast Tm, which appeared to be reversible in m f a • j . 

ns evidence of intracellular dysfunction rather than ^, dmduais > was interpreted 
nephrons. rather than destruction or inactivation of 
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EDITORIAL 


T HERE is much calk about the country regarding the prospects of founding a 
national society for the study of the blood. The great surge of interest in this 
field and the increasing numbers of workers who spend most of their time in its 
study have naturally led to a desire for a central forum in which the subjects under 
discussion would for the most part be hematologic in nature, and where mutual 
problems could be aired. Beginnings in this direction have already been made 
through the formation of local societies in New York, Chicago, and elsewhere. 
The New York group has already made some preliminary soundings in the direction 
of forming a national society, and we understand that these were favorably 
received. 

At the recent very successful International Hematology and Rh Conference, 
which was held in Dallas, Texas, on November 15-16 and in Mexico City on No- 
vember 17-13, 1946, there was much talk of an international society. Physicians 
in the Latin-American countries in general express an avid interest in the possibility 
of forming an international American society to include both North and South 
America. 

There can be but little quarrel with all these sentiments since they stem from the 
natural desire of men with mutual interests to convene. There may be some who 
look askance at the high degree of specialization which medicine has achieved and 
which has led to national societies for allergy, endocrinology, gastroenterology, 
neurology, and the like. Some thought must be given to this attitude, since by and 
large the allergist, the endocrinologist, the gastroenterologist, and the hematolo- 
gist arc better specialists in their respective fields if they are first of all good intern- 
ists. However, any attempt to impede the inevitable growth of specialization seems 
futile on the face of it, since the complete cncompassment of even a single specialty 
such as hematology with its many diverse facets has become well nigh impossible. 

A society which is national or American (in the broad sense) seems to be defi- 
nitely in the cards. The present journal, which has already achieved a world-wide 
circulation of about 2.500 subscribers, may be said to be a start in this direction. 
Tile New York group has made tentative plans for an organizational meeting in 
conjunction with the centennial meeting of the American Medical Association at 
Atlantic City in June. With this plan we are fully in accord. It seems probable that 
before another year goes by an international society for the study of blood will 
have been organized. In this effort the journal Blood will extend all its cooper- 
ation and facilities. It would be of interest to receive the reactions and suggestions 
of interested readers. 


William Dameshek, M.D. 
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crhaps the first International Congress devoted solely to hematologic subjects 
to be held in the Western Hemisphere took place in Dallas, Texas, and Mexico 
City in November 1946. It began in Dallas on November 15-16 in affiliation with 
the second Mexican Congress of Blood Transfusion and then transferred its delib- 
erations to Mexico City, where sessions were held from November 17 to November 
- 3 - Eh us, the meeting tvas truly international as to both the participating sections 
and the meeting places. 

The idea for such a meeting developed in December 1945 at a conference between 
Dr. Eduardo Uribe Guerola 0/ rhe Juarez Hospital, Mexico City, and Dr. Joseph 
M. Hill of the Baylor Hospital, Dallas, Texas. Support for the proposal was given 
by the Mexican Government through the Department of Health headed by Dr. 
Gustavo Bar. and by the Trustees of the Baylor Hospital. Additional financial sup- 
port in Dallas was offered by various benefactors who had previously shown an 
interest in Baylor Hospital and its Bfood Bank. It was originally planned to limit 
the program of rhe meeting to problems of the Rh factor. However, as interest in 
the proposed meeting rapidly mounted, and as a more general type of program 
seemed desirable, the final title of the meeting was changed to "International 


Hematology and Rh Conference." 

Chairman of the Conference at Dallas was Dr. Joseph M. Hill, Pathologist at the 
Havlor Hospital; Secretary, Dr. Sol Haberman of the same hospital. Dr. Eduardo 
Uribe Guerola was Chairman of the Second Mexican Transfusion Congress and Dr. 
Alfonso Velez Orozco, Secretary. There was a large attendance of physicians at the 
Dallas meeting, representing xr states and the District of Columbia. In add.- 
ST*-.. plUL from Canada, Mexico, Chino, »d ftlM'*""*"' 
Interest in the program which follows was intense: 

• 'A Brief Survey of the Rh Factor 


Philip Levine, New Jersey: 

Ernest Witcbsky, Buffalo: 

Ignacio Gonzalez-Guzman, Mexico 

City: 

Robert R. Race, London, England: 


Joseph M. 
Dallas: 


Hill and Sol Haberman, 


“Interrelationship between the Rh 
System and the A-B System 
"The Nuclear Structure of the Biood 

Cells" , . 

“The Rh Genotypes and Fishers 

'Hemolytic Immune Slobdim, 

Evidence fo, . Tl “' d , ' 

of Antibodies Incapable of Aggl 
rination or Blocking 


104 
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William Dameshek, Boston: 

Louis K. Diamond, Boston: 

Israel Davidsohn, Chicago: 

Mario Salazar Mallen, Mexico City: 

Bruce Chown, Winnipeg, Manitoba: 


“Hemolytic Mechanisms” 
“Physiochemical and Immunological 
Character of the Rh antibodies” 

“Rh Antibodies” 

“The Frequency of the Rh Factor in 
Different Groups of the Mexican 
Population” 

“Variation in the Outcome of the 
Pregnancies in Which Erythroblasto- 
sis Occurs” 


The Conference transferred to Mexico City from Dallas by plane at 4:30 A.M., 
Sunday, November 17, arriving in Mexico City about noon. Formal opening of the 
Second Mexican Blood Transfusion Congress took place in the Palace of Fine Arts, 
where addresses of welcome were delivered by, among others, Dr. Salvador 
Zubiran, Rector of the National University of Mexico and Director of the Hospital 
for Nutrition, and Dr. Gustavo Baz, Secretary of the Ministry of Public Health. A 
diplomatic reception was held on the evening of November 2.1 at the Ministry of 
Foreign Affairs, the host, a physician himself, being Dr. Francisco Castillo Najera, 
Minister of Foreign Affairs. Visits were made to the Hospital de Jesus, the oldest 
hospital in the Western Hemisphere, in continuous operation since 1554, to the 
Military Hospital, and to Xochimilco and the Pyramids. 

Sessions were held daily, both the Spanish and English languages being used. 
The program was as follows: 


J. M. Hill and Sol Haberman: 

Alfonso Velez Orozco: 

Sol Haberman and J. M. Hill: 

R. R. Race: 

A- V. Orozco and Rolando Medina 
Aguilar: 

Philip Levine: 

R- M. Aguilar: 

R Conzalcz-Guzman: 

Harr y Waller-stein: 


Production and Use of Anti-Rh 
Serum” 

'The A and B Factors as Possible 
Causes of Erythroblastosis” 
Demonstrations of Technics of Rh 
Testing” 

Subgroups of the Rh Factor. Demon- 
stration of the Genetics of Rh and 
Other New Blood Groups” 
Percentages of the Rh Subgroups in 
Mexico” 

The Individuality of Human and 
Animal Blood” 

'The Importance of the Rh Factor and 
Historical Development” 

'Use of A.C.D. Solution in Blood 
Banking" 

The Histopathology of Erythro- 
blastosis” 

The Treatment of Erythroblastosis 
by Complete Exchange Transfusion” 
(motion picture) 
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Chairman of , hc 

Uribe Guerola, President of .l.r MeSt r! , »•< Or Edna* 

chair, „c„. Discussions were held concern^ Sowing 'fSJ?** “ "" 

b,00d wi,h pmi “’“ ■*« • 

CO Nomenclature of blood antigens and related antibodies. ( 3 ) Technics to be 
recommended or routine testing for these antigens and antibodies^) AvaiSS 
of sufiicicnc Rh scrum for rout.ne typing in transfusions and pregnancies. 

After a very active and complete discussion, recommendations and actions were 
taken by this joint conference. Two committees were appointed with authorization 
to function as indicated. The first committee was charged with the responsibility 
for taking the necessary sreps to form an international organization to carry on the 
work begun at this meeting. This committee was also instructed to undertake the 
standardization of blood typing serums and to promote the production of Rh 
scrums from human sources as a cooperative project. This committee consists of 
Dr. J. M. Hill, Dallas, Texas, Chairman; Dr. William Dameshek, Boston, Mass. 
Dr. Louis K. Diamond, Boston, Mass.; Dr. Luis Gutierrez Villegas, Mexico, D.F. 
Dr. Philip Levine, Raritan, New Jersey; Dr. E. A. Mourant, London, England 
Dr. W. S. Stanshury, Toronto, Canada; Dr. Eduardo Uribe Guerola, Mexico, D.F.; 
and Dr. Erncsc Witcbsky, Buffalo, New York. 

The second committee was appointed to study and recommend nomenclatures for 
blood antigens and technics to be used for routine blood typing and antibody in- 
vestigations. This committee consists of Dr. Philip Levine, Raritan, New Jersey, 
Chairman; Dr. Bruce Chown, Winnipeg, Canada; Dr. Israel Davidsohn, Chicago, 
Illinois; Dr. Sol Habcrman, Dallas, Texas; Dr. J. M. Hill, Dallas, Texas; Dr. R. R. 
Race, London, England; and Dr. Eduardo Uribe Guerola, Mexico, D.F. 

In the discussions the advantages of the Chown capillary and Diamond slide 
technics for routine Rh typing were emphasized. For detection of antibodies the 
Coombs (-developing”) test and the Diamond albumin test received favorable 
comment. The compatibility test of Witcbsky was also highly recommended. 
Review of these and other technics was referred to the committee. 

It was of interest that the Fisher-Race theory of inheritance and the Cut 
nomenclature suggested by these workers were felt to be mostsumb e or 5 ero og 
n d «nc c s id? of Rh and Hr subgroups and were recommended Hot acceptance 

■ Tii, «,»„ .1 ,hi. .»» - l >' D ’- “ “““ 


and "hetero- 
” and "con- 
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Routine Rh typing for all transfusions and pregnancies was strongly recom- 
mended. However, it was suggested that when adequate quantities of anti-Rh 
serum were not available, only women should be routinely Rh tested. Testing of 
women only was also recommended when the population or race concerned was 
known to have a very small percentage of Rh negatives. It was agreed that anti-Rh 
serum for routine testing should contain the anti-D antibody (85 per cent) or 
anti-D-j-C (87 per cent). 

The meetings in both Dallas and Mexico City proved highly successful. Their 
international character was of help in fostering mutual good will among those 
participating. It was agreed by all that further conferences of this sort, dealing 
perhaps with other subjects and of a more general character, w r ere worth while, 
ft seemed eminently desirable to initiate by every means possible the formation of 
an International Society for Hematology. It was also agreed to attempt the publi- 
cation of the various papers at both sections of the Congress in a special issue of 
Blood. 
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Figure iC, taken two months before death, shows depression of the S-T segments 
in all of the limb leads. T 2 is diphasic and T 3 inverted. The T wave changes in CF 2 



Fig. 2. 


a( l CFj could be normal for the age of this patient (5) years). The interpretation 
• sinus tachycardia, right axis shift, a definitely abnormal record. 

Figure lD, taken five weeks prior to death, shows a sinus tachycardia. A small 
I'savc * s P rc $cnt in leads 2. and 3 and S-T is depressed in these leads. The T wave 
langcs in the chest leads could be normal for a child of this age (45 years). The 
■agnosis is; sinus tachycardia, a borderline record. 




